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foe t h e s i s comprises of e l s chapters inolodlag • 
general introduction (Chapter I) which oevere the l i terature 
on eyntheeie and ion esohange befcavleor of inorganic 
ion exehangere in general , and the doable sa l t a baaed on 
9nf Sr, T i f Aa( P, V, Y and 81 in part icular . The main 
aepeote of theee atodiea ore the eyntheeie, ooweoeit lo*, 
ebevloal and thermal e t e b i l t t y , d i s tr ibut ion and separation 
atodiea of metal loot on too doable s a l t s eooh ae areeao-
phoephatee of Zr(IT) and Tl(IV) and phosphoetlleatea of 
Co(XV) and Sn(lV). Kinetic s tudies bawe aleo boon node to 
explore the exchange meehaaie* of motel l ens on So(IV) 
areenophoephate• 
Chapter II anawarisee the eyntheats, oompoeitlon, 
enemies1 and thermal s t a b i l i t y and Ion exchange propert lea 
of the two doable e a l t e , £r(IV) areenophoephate (ZAP) and 
Tl(IV) areenonhoephate (TAP). Tbeae notaria la wore prepared 
by varying the nixing ratioa and concentrations of Na2HAeO^, 
Ka.rtK and the octa l ton so lut ions i . e . ZrOClf or T1C1. . The 
pH o f the so lot ion vae aot cold to (aff/^f), and the ge lat inous 
a 
a lorry obtained vae kept at room temperature (V> C) for 
2% boore and f i l t e r e d . After waehlag o f f the exoeee reagents 
the go l vae dried at 40 C and pi need in water to oroob i t 
into avail gr ana lee whteh were then converted into the 1? form 
with 1M UNO- as usual • On the b a s i s o f the ion exchange 
oapao l ty ( i . e . c . ) and apparent e h e a i o a l s t a b i l i t i e s 
aaoplee ZAP-3 end TAP-J w«ra s e l e c t e d for further s t a d i a s 
(Tabla l ) « Tha eheatea l c o a p o a i t i o n e , deterwiaed by tha 
usual proooduras were found t o bo 2 t i t 1 for Zr:Ae:P and 
3 t l s l for TisAstP In tha two s a l t s . Tha ion exehange 
behaviour wee eatabl i shad by deterwlning tha l . e . e . for 
v a r i o u s Metal i o n s and drawing tha concentra t ion* e l a t i o n 
and pH-t i t ra t ion o u r r a s . The Mater ia ls are aworphous as 
evidenced by the x-ray s t u d i e a . Tha presence of d i f f e r e n t 
func t iona l froups and the water of o r y s t a l l l e a t l o n were 
confirmed by the IR and TGA s t u d i e s . Following t e n t a t i v e 
foraulae of t h e s e Mater ia l s hnrp a l s o been proposed baaed 
on the s t u d i e s Mentioned above! 
(*rO a ) t (HjAeO^) (H5P©4) . n H£0 
end 
( T 1 0 f ) 5 (B5AoO%) (n 5 P0 4 ) . n H20 
Chapter III gives an eeeount of the phosphosllleetes 
of Ce(lV) and 9n(IT) (CPS and SPS). All the properties 
described shore were studied for those Materia la alee for 
their oharaoterlcation as inorganic Ion evohenrera. Tbeee 
7ABIM 1 
PRFPARATION OF fcr(IV) AND T | ( I V ) ARSEMOPflOSHUTBS. 
aorioor 
S«wpl« Cooeoatra- WisIn* N t - i o o 
t i e * o f r a t i o n by axebnmra 
• l x l o c trolusos oapact ty 
oolutloti i 
*rai | | | ; 
ZAP-t 
ZAP-2 
CAP.) 
TAP-1 
TAP-2 
TAP-J 
Zireonimi 
•raanopnoaphata 
Tltanlna) 
•raauopeoapttata 
0.1M 
O. i * 
0 . 0 5 * 
0.1M 
0 . 1 * 
0 .0 * * 
t 1 t 1 
J 2 J 1 
t 1 
J 1 ! 2 
i 1 : 1 
t t : 1 
0 , 8 t 
0.3% 
0.9% 
1.20 
1.27 
1.57 
•a tar ia la ««r« prepared by f i r s t nroduoing a • lorry of *etal 
e l l l e a t e e fol levad by phoephatliatlon with a wixture of H^ PO^  
and m o . . The gala thne prepared mv ft Itarad aftar 6 boor 
•landing at roo» temperature and waatiad far the exoese reagent*. 
• 
Fina l ly tbay wera dried at ^ 65 C and eraeked into grannlaa by 
putting in water. The grannlaa ware converted into the H* for» 
with 1M UNO- aa ueual . Tablaa t and "5 au»asari*a the eaaplea 
prepared trader varying condit ion*. On the baete of thatr l . e . a . 
eaaples CPS-3 and STS-a were aelooted for further atudiea. The 
oowpoeltlon atodlea revealed that the CFS and SPS eawple* have 
the ir component rat loa aa 2t5i* (CetSl ir) and 2*2t3 (Sn:Si:P) 
r e s p e c t i v e l y . They are awnofunctlonal aelda ae indicated by 
the i r pH-tttration atudlee . Their ohewloal and thermal atndiea 
eatab11ahad that they »T9 stable under aoide and d i l u t e a lkal i 
aolutlone for a f a i r l y long t ine and poeeeee appreciable 
ion asehanga ospaelty oven aftar tbay mrm hasted upte a high 
tcaparaturew 400 C. The ehaatleal formulae propoaed t e n t a t i v e l y 
mm the baala of theea atudlee arc aa fo l lows! 
• » HjO 
and 
(CaO f) f <M0 8 ) 9 ( i y o % ) % 
(•aot)t (sioa)t <«5»o%)5 . • *y> 
TABU 8 
Ma- ION EXCHANGE CAPACITY OF SOME SAMP IKS 
OP 0©(IT) PRO SPftO SILICATE 
S©vpl© 
acnfcar 
CPS-i 
CPS-2 
CPS-3 
CPS-A 
l ' I" 
To las * o f Tola*© o f 
O . I N 0 . 6 * 
«©rl© ©odlva 
a—onlnai a l l l o a t © 
aalpbata ©olotion 
800 
800 
800 
800 
too 
150 
800 
850 
» 
B.PO% I N - A 
IWO_ I N - B 
500 ail .A • 5O0 art 
• 
• 
• 
Ion 
©*©baat© 
oapaolty 
( •©o .A l ry 
gra») 
.B 1 .80 
1.25 
f .50 
1.52 
TABU 5 
Ma- ION EXCHANGE CAPACITY OF SOME SAMPLES 
OP So (IV) PRO SWO SILICATE 
Saarpla 
naabar 
8P8.1 
SPS-8 
SPS-3 
BPS-* 
SPS-5 
i 
Yoloaw ©i 
0.1M 
BaCl^ 
ao la t loa 
500 
500 
500 
500 
500 
l 
r Tolas© o f 
0.6N 
©odl*a 
a i l l o a t © 
a© l o t loo 
50 
75 
100 
125 
150 
I 
HMO. 
500 art .A 
i ii 
I N - A I O B 
•xotiaaco 
I N - B eapaa l ty 
( a w © . / t r y 
« r * x ) 
• 500 ail.B f .80 
• 1.86 
• 1.5* 
• 1.60 
• 1.60 
Cbaptsr XV s o m s r l c e s the d i s tr ibut ion studies of 
29 aota l loas on Er(lT) and Tt(IV) arssnophospnatsa in 
various solvents soon as BKV, d i lu t e HH©_t HCIO ,^ BCOOI? and 
CH.OOOH. On t h i s b a s i s soao useful ternary sad binary 
separation* vers achieved by liquid coins*) ohrcHaategraphy. 
These separations srst 
fo(u)~r*(xn)-Ti(xv), £n<u)-rb(ii)-re<iii), na(ix)-rs(ni), 
Ni(u)-Ps(iu)f AI(UI)-FO(XII), ca(xi)-r*(iu). Hf(n)-pb(nh 
cd(n)-Pb(ii), i»t(n)-Ti(nr) sad csdv)-Ti(rv) on ZAP, 
and 
«%(U)-Sr ( I I ) , >%(U) -8s ( I I ) , e u ( I I ) ~ P © ( n ) , H«(II ) -Pb(II ) , 
Zn(U) -Pb( I I ) , Wi ( I I ) -P»( I I ) t VO(tX)-*%(XI), Y(IU)-Cs(IV) , 
U(III ) -Co(IV) and tJOs(IX).Co(XT) on TAP. 
Chaptar • daala with ths s t u d i e s , pars1Is1 to taose 
desorlbed in Chapter IV, on Oe(IV) sbespnosl H o s t s sod 
9a(IT) phoophoslHosts (CPS end aPS) taking ttso solvent 
systoats as DK¥# UNO., HCK> ,^ WH^ WO_, NeClO^, H00OH and 
0R.00OR, As s r s s a l t OOSJS not s i ton seperst ieae 1 apart ant 
froa tno analyt ical and indnstr l s l points of view wars s c s i a 
sohleved which ars saaajarisad as fol lowsi 
*• atpsratioa achieved — Co (XV) nasspaoal H o s t s o o l s — s . 
» i ( I I ) - O a ( I l ) - F s ( I I I ) , Hf<Il ) -Oi<II)-Pb(II) , 
H*(II)-Af.(I)~Po<II), H«(XI).Ca(XX)f Ea(IX)-Po(IX), 
w> a ( i i ) -m( i i ) t * B ( I I ) - F « ( I I I ) , c e ( n ) - r e ( i n ) and 
* ( I I ) - B « ( I I ) . 
*• flcparatioaa achieved on 9n(r?) pposphosll loatc flolu«n«, 
Hg(ix)-oi(n)v H i ( n ) - a ( n ) , H*(i i ) -ca(u) . H*<ii)-i>n<ii), 
H«(XI)«A«<l)t fh(IV).Y(III)t fU(IV)-C02(II)t *r(IV>-r(IIX) 
and Sr(XT).ro t(XZ). 
Chapter VI, which i s also the last chapter of the 
t h e e l s , exploree the p o s s i b i l i t i e s of the k inet ic etttdtee 
OB doable s a l t s * Ths awtal ions ee looted for aweh s tadias 
worst Ag(I) . Co(H) t Ki( lT) v C a ( l l ) , Sr(TT), Ba(IT) and 
T(TTI) and the sa l t taken was 9n(IV) arsenophosnhate. The 
• 
s tudies were perforaed at four di f ferent teaperaturea (23 , 
• • • 
30
 t kO and 60 C) under the condition* which favour the 
par t i c l e dlffttelon aeohanlea only , In the limited hath and 
the e f f e c t i v e diffusion eoe f f t e l ent (Di) values were ca lcu lated . 
The offoot of part ic le also of the exchanger wao also studied 
npon the rate of oxohanfe. Other theraodynaaie paraaetere 
l ike onergy of aettwatton ( t o ) and entropy of act ivat ion (A S#) 
vera oaIsolated as f i v e s in Table 4* 
TABU; % 
SBIF DIFFUSION OORFFICIFNT, ENERGY OF ACTIVATION 
ANT) KNTTIOFY OF ACTIVATION OF CERTAIN NFTA1 ION 9 
ON Sn(IV) ARStNOFf*) SPRATS ( r » 9 9 . 7 p » . ) . 
1 1 1 1 ' • 
Migrating D». J •»«"1 Km, KJ ml"* A S * . JIT1 m 
loa 
Af(D 
Hi ( « ) 
Ot(II) 
s r ( i i ) 
i* (n) 
en (xi) 
Y(III ) 
t.ti * io* 
i.%9 * 10* 
2.02 s 10" 
* .56 * 10" 
l . * 0 x 10*' 
5.11 m 10" 
1.25 « 10" 
10 .6) 
7 . 1 * 
7.82 
9.32 
11.88 
10.50 
-60 .68 
-85.58 
-88.85 
-76.08 
-66.75 
-75 .15 
-86.85 
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CHAPTER I 
IHTnonuerloH 
IMTHOWJCTIOW 
loa exchange is one of the most versatile techniques of 
Analytical Chemistry, which involvea the replacement of too 
exchangeable ions in the exchanger phase by loan of like charge 
fro* a solution* If an ion exchanger containing exchangeable 
•A1 ions ia brought in contact with a eolation containing *B' 
lone then the exchange process may be represented by the 
equation: 
A • B B • A 
(barred symbols denote the exchanger phase) 
I t i s a revers ib le process and an equilibrium la eventually 
set up in which soste of the *V ions i n i t i a l l y present in the 
exchanger phase have been replaced by 'B' ions frost the so lu t ion . 
The extent to whioh one ion i s adsorbed in preference to another 
i . e . , the e e l e c t i v i t y i s of fundamental importance in a l l 
applications of an Ion exchanger. It determines the e f f i c i ency 
of a process in which the exchanger I s need to recover ions 
from d i lu te solut ions and the ease with which those ions can 
he subsequently removed from the exoheager passe . I t a l so 
determines the readiness with which two or more sabstances, 
which form loas of l ike charge, caa be separated by loa exchange 
chromatography. 
Although the technique of ion exchange i s of recent 
origin i t s history i s very o l d . At the time of wanderings the 
people sad« drinkable, the undrlnk,d>le b i t t e r water by using 
pieoes of wood ( i ) . Ar i s to t l e (2) suggested a Method for 
purifying sea water by f i l t e r i n g It through a certain type of 
s o i l . A s c i e n t i f i c study of these processes* was, however. Made 
only in the a>ld<!le of the last century when different s o i l s were 
invest igated (39k) and the ion exchange properties of z e o l i t e s 
were explored ( 5 ) . 11 arsis and Huapler (6) synthesised the f i r s t 
a lun inos i l ioa te based ion exchanger in 1903» while Fol l in and 
Bel l (7) f i r s t applied a synthetic z e o l i t e for the c o l l e c t i o n 
and separation of aamonia froa urine. The industr ia l production 
and technical applications of the ion exchangers were studied by 
Guns (ft). However, s ince these materials are generally unstable 
in acid and alkaline so lut ions they are of only l i t t l e importance 
for the separation of met I i ons . 
Adu» and Ho las (9) discovered that soae synthetlo high 
sK>leculur weight organic polyaers containing a large number of 
ionic functional groups could be employed as Ion exohangers, 
which arc known as ion exchange r e s i n s . I f the exoh<«geable 
Ions arc the pos i t ive ly charged ions tuc exchanger i s tensed 
as a "cation exchanger*. It i s ca l l ed an "anion exchanger" 
when the exchangeable tone are negatively charged. Tne matrix 
to which these Ions mn attached carr ies an opposite charge 
(f ixed charges) as shown in figure 1. Uesius based on 
czj Matr ix wi th f ixed charges 
© Counter ions 
© C o - ions 
Fig. 1. Structure of an ion exchange 
resin 
polystyrene were f i r s t prepared by Alo i l i o (10) In 19** whioh 
possess nigh capacity, eheaioal and Mechanical s t a b i l i t y , and 
exce l lent reproducibi l i ty . Saamelson (11) was the pioneer in 
tile f i e l d of analyt ical applications of syntbetio resin based 
ion exchangers which have now beeoaie one of the wost Important 
analyt ical t o o l s . At present they are extensively u t i l i s e d in 
Medical and biooheaioal f i e l d s a l s o . Separation of rare 
earth a ( 1 2 ) , sail no acids (13)» sugars (14) and opt l ea l i soaers 
(15) »ay be c i ted aa sou* of the Most s tr iking examples of 
the ir wide range app Host Ions . However, the ir u t i l i t y i s not 
good at elevated temperatures and iu presenoe of strong radiations 
aa they are not stable under such condit ions , l i t is was the reason 
why an Interest in the synthesis and ion exchange properties of 
Inorganic Materials was revived. 
A large nuMber of synthetic inorganic ion exchangers 
have been prepared and studied during the last twenty years* 
Several of the* exhibited expected ohe*ic<tl s t a b i l i t y and 
sOMetlMes they proved to be highly s e l e c t i v e for certain lone* 
These exchangers stay be conveniently divided Into the following 
s ix principal groupss 
(1) Insoluble acid s a l t s of polyvalent Metals. 
(2) Hydrous oxides of polyvalent Metals. 
(3) s a l t s of heteropelyaeids. 
(h) Insoluble bexeoyenoforrates ( I I ) . 
(5) Synthetic a luninos i l ioatea . 
(©) Miscellaneous inorganic exchangers, • •«•• mercarblde salts 
and potassium polyphosphates. 
The important advanoes in the synthesis and ion exchange 
properties of these Materials have excellently been reviewed 
by Vesely and Pekarefc (16,17), Albert! and Costantino (18) and 
t!.r*.*alton (19-21). Although the Materials produced in all the 
above categories find important applioations and are well known 
ion exchanger*), our sain emphasis will be on the first category 
as the material* produced in these studies belong to it* 
The insoluble acid salts of polyvalent vetaIs were 
initially obtained as gels with no definite composition and not 
^rmry stable towards hydrolysis of their acid groups, some of 
then particularly the amorphous zirconium phosphate exhibited 
a high selectivity for some important options suet* as Cs( 1) and 
VO„(ll)m Amphlett (22) has reviewed the ion exchange properties 
of amorphous inorganic exchangers in 1964. New researches in 
this field have now led to the synthssls of several exchangers 
having a fixed composition and e well defined crystalline 
structure (23-41)• These crystalline inorganic exchangers can 
be divided into the following two snb groups* 
(a) Exchanger* havim- a layered structure. 
(b) Exchangers having a fibrous structure. 
A review by Clearfield et al. (42) gives «u additional account 
of those ion exchange Materials. Out of a large number of the 
substances of category (a) prepared so far zirconium phosphate 
has probably been the most extensively studied ion exchenger 
whioh baa been prepared In various oryet« l l iue fora t . A 
knowledge of the varloua c r y s t a l l i n e phases obtained in « given 
loa exchange process i s very laportant, aa i t provides the 
opportunity of re lat ing the observed ion exchange properties 
with the looal atruoture. For the aaorpboue a a t e r l a l e however 
tbe ion aoliftt i f aeohaniea can be Interpreted froa other peraweters 
auoh aa variation in the inter layer distances and water content 
in a given prooeaa. A ayeteaatie inves t lgat ioo on the synthesis 
of insoluble o r y s t a l l i n e aold aalta of tetravalent aeta la haa 
f a c i l i t a t e d the preparation of several new c r y s t a l l i n e ion 
exchangers other than siroonlua phosphate. 
Cerlu*(IV) phosphate (29) and thoriua(IV) phosphate (%3) 
are probably the only insoluble acid s a l t s of tetravalent s e t t l e 
having, fibrous atruoture. Fibrous inorganic ion exchangers ttre 
very interest ing because they oan be used in the preparation of 
inorganio ion exohange papers or thin layers su i tab le for 
ohroaatograpblo separation*. They oan also be u t i l i s e d to 
prepare ion exohange aeabr*nes without a binder. Pibroua 
oertim(lV) phosphate shows, at low loading, a aaxiaua uptake 
for Ca(I) aaooK the a lkal i aeta la and for Ba( l l ) *usong the 
a lkal ine eartha. On lnereaalng the loading a reversal in tbe 
s e l e c t i v i t y i s observed. Support free fibrous oerlua(IV) 
phosphate sheets have already been need for the obroaatograpblo 
separation of lnorgaaio ions (kh) and baa been found to be 
• e l e c t i v e towards Pb(I I ) , Ag(I) and C o ( l l ) . 
The Insoluble acid s a l t s of tetravulent neta Is have 
also been eaployed for preparing Inorganic loo exchange wewhranett, 
which ar* interest ing frost both fundaawntal sod pract ica l points 
of view. Owing to the ir high s e l e c t i v i t y end s t a b i l i t y these 
Meartiranes have applications as s e l e c t i v e e lectrodes where organic 
aenbrane* f a l l . They oan be successful ly eaployed in fuel cell*, 
at high temperatures or in the concentration of wastes containins 
f i s s i on products. Table 1 shows a comprehensive l i s t of the 
i sporttnt inorganic materials which have been prepared so far and 
used for different metal separations. 
The siain use of inorganic ion exchangers i s in the nuclear 
energy industry for the separation of se lected uuoirl eh from the 
wastes of reactor fue ls , as they are bupetior in resistance to 
rid lo t ion *»nd temperature increase as cowf>areil to the ir organic 
counter parts* The additional q u a l i t i e s which uny ion exchange 
•atari**i saist possess in order to obtain wide appl icat ions nay be 
sunearl^ed as follows) 
(1) The Material nust be v i r tua l ly insoluble in strongly acid or 
Hlkallne solut ions as such aedia are often encountered in 
reprocessing work. 
(2) I t s exchange oapaclty smst be high enough to ensure a 
praotioal operation. 
(3) I t s sorption and s lut ion behaviour smst be rapid so that 
columns can be operated at reasonable flow ratea . 
(%) I t s resistance to a t t r i t i o n nust be good so that coiman*> 
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oan be loaded and e luted aany t i a e s without severe elugging 
or channell ing. 
(5) The ion exchanger auet be of a reproducible behaviour »o that 
a atnor change In the method or a a t e r l u l s used for preparation 
does not eauee aajor changea in i t s performance. 
<6) I t s s e l e c t i v i t y for sosie metal ions aust be hligh, so that , a 
convenient separation between di f ferent i o n s , or at least 
types of ions , oan be affected by su i tab le variation of pH. 
(7) If a separation Is pfi dependant then the ions to be sorbed 
are able to compete success ful ly with the hydrogen ions for 
the functional groups, within the avai lable r«nge of pli. 
Although a number of inorganic ion exchange Materials 
have been reported in l i t e r a t u r e , the ir stain drawback has been 
a poor reproducibi l i ty and chemical s t a b i l i t y . Also, they are 
generally not good for working at high temperatures us they lose 
the ir ion exchange capacity appreciably on heat ing. From t h i s 
point of view invest igat ions on synthetic Inorganie ion exchangers 
are s t i l l useful and necessary* Phosphates, arsenates and 
s l l l o a t s s »rmt in general, aore stable both ohesiioally and 
thermally. Since doable s a l t s usually show a promising ton 
exchange behaviour, they have received much attention reoeat ly , 
and consequently, several double s a l t s have been prepared* 
Zlrooniua phosphosll icate (15*-156) i s probably the f i r s t of i t s 
kind, which has sooeessful ly been used for the plutonloa i s o l a t i o n . 
Tltanlua phosphoslllcate (157) haa also been uaed for the 
separat ion o f radio n u c l e l d e e . Sn(IV) arsenophosphate (198*159) 
has been prepared in t h e s e laborator laa which shows enhanced 
ion exchange p r o p e r t i e e . Tab la (I summarizes a b r i e f aurvey o f 
the important double s « l t s prepared »o f a r . 
A f t e r the s y n t h e s i s o f an ion exchanger o f the required 
propert iea i t l a e s s e n t i a l to atudy the mechanism of i t s f u n o t i o n . 
In a i l a n a l y t i c a l methods eoaoerned with s o l u t i o n s , thermodynamic 
and k i n e t i c e t u d i e s are moat important . Sine* inorganic ion 
exchangers poeaeae a r i g i d Matrix they do not a v a i l apprec iab ly 
aa the org anla r e s i n s do and hence these a t u d i e s are s impler to 
perform on t h e s e M a t e r i a l s . An ion exchange equi l ibrium may be 
deaerlbad by two t h e o r e t i c a l approaches v i x . , (a ) baaed on the 
law o f staaa n o t i o n , and (b) based on the Dorm an theory . Frost 
the t h e o r e t l o . i l point o f v iew, the Oonnio theory has ;m advantage 
of permit t ing a sore e l egant i n t e r p r e t a t i o n of the themodynasilo 
behaviour in an ion exchanger. However, frosi the p r a o t i o a l point 
o f v iew, the masa aot ion approach i s s i a ip l er . Mancollas aud 
co-workers have s tudied the thermodynamics o f e a t i o n exchange 
on zirconium phosphate ( f G £ t 1 7 0 ) . Itiay have in terpre ted the 
thermodynamica1 fnnotiona in terms o f the bonding nature between 
the a l k a l i metal ions and the ion exchanger matr ix . The ion 
exeh *»ge e q u i l i b r i a of 1 4 ( 1 ) , » a ( l ) and K(I) on t h l a exchanger 
Kcxve<*lso been atudlad by Larson and Vlseera (171) who o a l o u l a t a d 
t h e equ i l ibr ium oonetant and o ther tharmodynamlool parametera 
• • • 
v i s . , G , n and S • Similar atudlea have been made on 
anion exchangers a l s o ( 1 7 2 ) . 
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Maohod and Wood (173) have *u*de the f i r s t serious and 
detai led attempt on toe k inet ic studies of ion exchange. They 
have studied the reaction rate with which Ions from solut ions 
mr« reeoved by the so l id ion exebungere or oonversely the rate 
with which the exchangeable ions are released from the exchanger. 
Boyd et a l . (17*) hare studied later on the k inet i c s of aettil ions 
upon the realn beads and have given a c lear understanding ahoat 
the par t i c l e and fi ha diffusion phenoatena which govern the ion 
exchange. The fonser i s val id at high concentrations while the 
later at low concentrations. The k ine t i c s of octa l ions on 
s u l f o n a t e d polystyrene has been studied by Heichenberg (175) who 
again oonfiraed that at high concentrations the rate i s Independent 
of the ingoing ion (part ic le d i f fus ion) , while at low concentra-
t ions the reverse i s true ( f i l s i d i f f u s i o n ) . Nanoollas (176) has 
+ 
studied the k inet ics of Na(I)-K exchange on crys ta l l ine zlroonlua 
phosphate. According to hint the rate of exoiiange i s i n i t i a l l y 
fast and then hecosws slow, suggesting « change in orystal 
s tructure . Fuga und Klklndl have studied the k ine t i c s of ion 
exchange of a lkal i metals on zircon lute antlswnate (65) in hydrogen 
for* at 25 C and have found that the rate of the reaction increases 
with the atoaio number of the ca t ion . AlbertI et a l . (177) have 
observed that the rate of exchange decreased froa Ha(II) to Sr(II) 
and that i t la particularly lew for Ng(It) ion on zlreonloa 
phosphate. Recently Costantino et a l . (179) have studied the 
ae l f di f fus ion of Ma(I) and K(I) on a icrocrysta l s of 
Cr(NapO.)9.5H90 and Zr(KPO. ).311 0 and have Modified the Pick's 
equation to talc* Into account the aoauniforwlty of the part Loin 
• tx«. Toe equation obtained has been employed In a study of the 
• e l f d i f fus ion rate of Na(l) and K(I) In the above •xehaagere 
and the Mobility data have been compared with the conductivity 
data avai lable for tna aaae Ionic forma. 
la view of tbe abov« we fcav* concentrated our e f f o r t s 
Mainly in the synthesis of soae new araenophospbates and 
phoephoei i ioate* based on to t rave lent metals. Tbc*ir ion exchange 
behaviour has been atudled in deta i l and the ir u t i l i t y in aetul 
separatlona of industrial imti analytical laportauee has alao 
beeu explored •ueceeafully by achieving; a large nuabrr of a«tal 
separation. An effort has al«o been aa<i« to understand the 
ion exchang* aechaniea by a kinet ic approach. Following chapters 
•umaarize our auch a study. 
REFKRHfCES 
1 . The Second Book of Moses, m o d u s . Chapte r 1 5 , Verse 2 5 . 
2 . The work of A r i s t o t l e , Me teo ro log i e s H # 3» 359* ( B . C . 3 3 0 ) . 
3* H.s» Thospson, J . R o y . A g r l c . S o o . , 14, 68 ( 1 8 5 0 ) . 
* . J . T . Vay, t b t d , U., 313 ( 1 8 5 0 ) ; 112, 1 2 ' < W 2 ) . 
5 . H. r l i c h o m i , pogf .Ann . i ' bya .Che* . , 105, 126 ( 1 8 5 8 ) . 
6* F . Hams sort A. Uuunpler, V. I n t e r n .Kong r e s s J . a n g e v . , 
59 ( 1 9 « 3 ) . 
7 . 0 . Fo l in and n . P o l l , J . B i o l . C h e ® . , J*)., 3^9 ( 1 9 1 7 ) . 
8 . 1 . Guns, J b . K g l . P r e u r s . B j e o ) . I« tndesane tu l t , 2 6 , 179 (1905 ) ; 
ni»p 17*097 ( 1 9 0 5 ) . 
9» R.A. Adams am! F . l . Dolus , •J#soc*<:h*auInd« t j i* , H ( 1 9 3 5 ) . 
1 0 . C D . A l o i l i o , l . s . P a t o n t 2 , 366007 (Dec .26 , 19%*); 
£ , 366008 ( B e e . 2 6 , 1 9 * 4 ) . 
1 1 . O. -^aaiuelsoo, 7 .Ana l , f : be» . , 116, 328 ( 1 9 3 9 ) • 
1C. H . F . Walton, "Ion jjtch<;nRO Chromatography" I n t I I , p.5*« 
Dowden, Hutchinaon & I ' o s s , I n o , P e n n s y l v a n i a , ( 1 9 7 6 ) . 
13* H . F . Walton, "Ion Fjcehongp Chromatography" P a r t XI, p . 3 2 6 , 
nowden, iSutohinsoo & l ioss , I u c , P e n n s y l v a n i a , ( 1 9 7 6 ) . 
1* . H . F . * a l t o n , "Ion Fxohanpe Chromatography" f a r t I I , p .3©*, 
Movdea, Hutchinson A f loss , t o o , P e n n s y l v a n l a , ( 1 9 7 6 ) . 
1 5 . J . Oaal and J . I n c s e d y , J . C n r o o a t o g r . , 102, 375 ( 1 9 7 9 ) . 
1 6 . V. Vsse ly and V. f e k a r e k , T a l a n t a , £ £ , 219 ( 1 9 7 2 ) . 
1 7 . V. Veas ly and V. f e k a r e k , i b i d , l £ , 12*5 ( 1 9 7 2 ) . 
1 8 . G. A l b o r t i «nd !-. C o s t a n t i u o , J.ChrOR*atogr., 102, 5 ( 1 9 7 * ) . 
1 9 . U.K. V a l t o n , A n a l . T h e a . , * 6 , 398R (197*)* 
20 . U.K. u i l ' i t ! , I b i d , <£., ';;,« ( l 9 7 o > . 
2 1 . H.F. Walton, i b i d , ^ 0 , 36U ( 1 9 7 8 ) . 
2 2 . C.B. Aatphlett, Inorganic Ion Exofmi&ers, K laev ier , 
Amsterdam, 196%. 
2 3 . A. C l e a r f i e l d unci J .A . Stynes , J . t n o r g . N u c l . C n e n . , 
2£ , 117 ( 1 9 6 * ) . 
2%. A. t i n k l e r and K. T h i l o , z.Aoor^.All&.Cheaj., 3*6. 92 ( 1 9 6 6 ) . 
23• G. A l b e r t ! , P .C. Ge l11 , U. Coatantino and f. Torraoca, 
J .Znorg.Nuel .Cbetu, 2^ , 571 ( 1 9 6 7 ) . 
2 6 . K.H. Konlg and F. Meyn, i b i d , 2J?, 1133 ( 1 9 6 7 ) . 
27 . E. Torraooa, U. Costant luo and M.A. Maesuecl , J.Chroatatoftr., 
^ 0 , 58* ( 1 9 6 7 ) . 
2 8 . G. A l b e r t i and F. Torraecu, .J .Inorg.^uol .Chesi . , ^ 0 , 317 ( 1 9 6 « ) . 
29* r>. A l b e r t i , I . Cos tant lno , F. DiGregorio, p . G a l l i and 
f . Torraoca, I b i d , 3£t 295 ( 1 9 6 8 ) . 
3 0 . A. C l e a r f i e l d , G.P. Sal th antl B. !<dwon!, I b i d , ^ 0 , 277 (19i»S). 
3 1 . G. A l b e r t i ana r . Torracca, I b i d , 3j0, 3073 ( 1 9 6 8 ) . 
3 2 . A. C l e a r f i e l d , K.M. m e s s i n g and J .A. S t y n e s , i b i d , 
3<>t 22*9 ( 1 9 6 9 ) . 
5 3 . G. A l b e r t i , U. Cos tant lno , F« dtGretor io and i . Torraoca, 
i b i d , 3JLt 3195 (1969) . 
3 4 . G. A l b e r t i und M.A. Maesuoel , i b i d , £ 2 , 1719 ( 1 9 7 0 ) . 
35* P. Torraoca, G. A l b e r t i , B. P l a t o n i a , p . Seala and P. G a l l i , 
in l oo Exobange In tbe Process I n d a a t r i e a , Soc ie ty o f 
Cbealoal Industry , London, 1970, p.315* 
3 6 . T. Costantino and A. ' .asperoni , J .Chronatogr . , j ^ , 289 ( 1 9 7 o ) . 
37 . .;•«;• i -u i iar , J . m o r e . N u c l . C h e n . , 22» 559 ( 1 9 7 1 ) . 
38 . G. A l b e r t ! , r . Costtmtino and L. Zaiaka, I b i d , £ 4 , 35*9 
( 1 9 7 2 ) . 
39* A. C l e a r r i c l d , A.M. Lant i s , A . s . Medina ami J.M. Troup, 
i»>i<it 21* 1099 (1973) . 
<»0. ' . . A l b e r t ! , S. A l l u l l i , I). CosttUitino, l>. G a l l i , M.A. Maaauect 
and ft. t ' la tania , i n J .A . Mikes ( f d t t o r ) f ind Syvposlua oo 
Ion Kxeh»nsta, V o l . 1 , p . 1 , M*»i»ynr Ketaikuaok ! . , Budapest, 
( 1 9 6 9 ) . 
4 1 . G. A l b e r t l , S. \ l l u l l l , I*. Coatant ino , M.A. Mnssuccl and 
} . Torracoj , ton Kxeh<mge In the Process I n d u s t r i e * , s o c i e t y 
o f Chetalcal Industry , p .31$ , London, ( 1 9 7 0 ) . 
4 2 . A. C l e a r f i e l d , G.H. Kancol las and H.ii. Nleaping, In 
J .A . Marlnsky aod Y. Marcus, "Ion Exchange and Solvent 
r x t r a c t i o n * , V o l . 5 , C h . l , Murcel f l icker, Ne* York, ( 1 9 7 3 ) . 
* 3 . G. Alber t ! and I . Cost m t i n o , ,J.Chro»watugr., JO, *82 ( 1 9 7 0 ) . 
%4. t;. A l h e r t i , M.A. MHsaucei an.J E. iorracoa , i b i d , 
2 0 . 579 (1967). 
%5. I . S . C . Churas, S.African I n d . C h e a l a t s , 19, 26» '»8, 6 8 , 87# 
t%8 ( 1 9 6 5 ) . 
4 6 . J . Prospert , Cosn.Pnergle At . ( F r a n c a ) , iUpptt.CIA-H 
2835 ( 1 9 6 6 ) . 
4 7 . V.F. Tikavyi and L . I . T&ukorova, lzv.Akud.Nauk SSSR, 
Neorgan.Mater. , ±t 108 ( 1 9 6 5 ) . 
4 8 . V . I . Save leva and V.A. Mirracv, Tr.Mosk.Kbls i .Tekhnol .Inst . , 
*2» 82 (1963). 
%9. t~j.H. Nsnco l la s and V. Pefcureic, J .Jnor^.NuoJ.Cbo». f 
22., t%00 ( 1 9 6 5 ) . 
5 0 . G. Oarhausks* and V . I , sha»?*«»v, ?ii .Neorgau.Kblau, 1£ , 33 
( 1 9 7 0 ) . 
51* s . Ahrland nod A. Oakarn^on, J . Inorg . N u c l . O i e a . , 32 , 2069 
( 1 9 7 0 ) . 
5 2 . K.P. Horwlts , i b i d , 28 , 1%69 ( 1 9 6 6 ) . 
5 3 . J .A lbar t saon , J .Aeta .Chea .Seand . , 2 0 , 1689 ( 1 9 6 6 ) . 
5%. J . A . Stynaa, M.A. Thea l s , Niagara U n i v . , 1961. 
5 5 . V.A. PerPVOKOva and f . s . BololUnova, Zb.f rtkl . tChla. 
(Leningrad) , %0, 2679 ( 1 9 6 7 ) . 
5 6 . D. Creje tIcanin ami K.Mi l lo , B u l l . B o r i s KldridU I n s t . N u c l . > c l . , 
12# 73 (196%). 
5 7 . K.H. JConig and K. l^«w»l, J .Cfcrcaatogr. , j ^ , 101 ( 1 9 6 9 ) . 
58* K.I!. IConig and fl. chafer, ttadloohlv.Act.*, j ^ , 213 ( 1 9 6 3 ) . 
5 9 . K.H. Ktinig antl t . ioyer, Atorapraxlu, l ^ , 275 ( 1 9 6 5 ) . 
6 0 . r . i • Bolchlnova and T . I . i o d g o r e l o v a , 2ft.i rlkl .Khla) (Leningrad), 
%0t 1833 ( 1 9 6 7 ) . 
6 1 . G . s . Martinchik and StaaroUlnata, l a s l e d . b v o l a t v . I o n o o b a e a . 
Matarialov.Akaa.Nank SSSH. lnat .F i s .Khlau , 1J5J* (196%). 
6 2 . E . 9 . Bolcnlnova and fc.V. tCharitooora, 2 h . P r i k l . K h l a . 
( L a a i M r * * ) , j 8 , 67% ( 1 9 6 5 ) . 
6 3 . E. Torraooa, U. Coataat iao and M.A. Maaaueei, J .Chroaatogr . , 
20. 58% (1967). 
6%. I'i.r. Brigevich and H.A. Kasnetaov, Vaata .L»ningr .Univ . t 
F i z . K h l a . , 1%5 ( 1 9 6 9 ) . 
6 5 . J . n . Feuge and T. Klfciudl, Co**pt.Kend .Acad . S o l . , ( p a r i a ) , 
S e r . C , £ , 26* ( 1 9 6 7 ) . 
6 6 . A. C l e a r f i e l d and V..W. R lr sa ing , J . I n o r g . N u c i . Chess., 
2 * , 26*3 (1972). 
67* S. Ahrland, J . A l b e r t e s o n , B. Nihlgurd and L. N i l s a o n , 
Aota.Ch*«.s<>and., | £ , 707 ( 1 9 6 4 ) . 
6 8 . N.O. Oalpora and fc.S. BoiotJtriova, zh .Pr i i c l .Knia . (Len ingrad) , 
* £ , 2186 ( 1 9 6 8 ) . 
6 9 . K.A. Kraua, U . S . P a t e n t . , £ • 5 s 2 ( * 9 o 8 ) . 
7 0 . M..». Nune* da Costa and W.A.S. Jeroniai, J.Chroaiatogr. , 
£ , *56 ( 1 9 6 1 ) . 
7 1 . A.F. Taylor and C.A. Jensen , J .Aa .Cbra .Soc . , 8 0 , 5918 ( 1 9 5 8 ) . 
7 2 . M.K. Rahamn and A.M.s. Huq, J .Chrowatogr. , JJS, tol3 ( 1 9 7 0 ) . 
73* L. Zsinka and 1.. S z i r t e s , Proe.Second Iiuu?*»rl»n Conf. 
I on- fix change, Boiatonaxeptak. , £ , 627 (19i>9). 
7* . L.O. Vediroa, J . Inorg.Nuol .Cheau, 28 , 599 ( 1 9 6 6 ) . 
7 5 . T .P . Tang, P. Sun and K.T. Ctoan, Hua-Hsueh, JQ, ( 1 9 6 5 ) . 
7 6 . T .P . Tan*, P. Son and K.Y. Chan, I b i d , 9 ( 1 9 6 7 ) . 
7 7 . J . S . C i l l and S.N. Tandon, J.Radioanal .Ctoea. , J £ , 391 ( 1 9 7 3 ) . 
7 8 . B i l | „ P a t e n t . , 6*9 . 389 (196%). 
7 9 . N e t h . A p p l . , 6 , 603 , 607 ( 1 9 6 4 ) . 
8 0 . E.Mi on e l and A. Waiaa, Z.Met«rfaree*, B . , t t , 1100 ( 1 9 6 7 ) . 
8 1 . G. A l b e r t i , P. CardIni and K. Torracoa, J . Inorg .Nuol .Cbean, 
29., 371 ( 1 9 6 7 ) . 
8 2 . D . I . Kurbator and S.A. Pav lova , Tr.Iaat.Kbiai.AJcad.Nauk S - S H , 
U r a l . r i l i a l , 10 , 73 ( 1 9 6 6 ) . 
, • ! ; 
8 3 . J . P l r a t , J . Henry, ti. DaIon and C. Baaudat, Bul l .Soc.Cblat . 
Franea, 3590 ( 1 9 6 5 ) . 
8%. 11. Dellque and *'• ucnoua, Trav .^oc .Pbarn .Montpe l l i e r . , 
26 , 353 ( 1 9 6 6 ) . 
8 5 . P. Dubos and T. Klk lndl , Coapt .fiend «Aead. S o l . ( P a r i s ) S e r . C , 
270, 1833 ( 1 9 7 0 ) . 
8 6 . H. A l J u l l , c . Ferraglna, A. Lagioeatra , M.A. Maaaueei and 
N. To«aaaln i , J . I n o r * . N u c l . C b a a . , 22.* 1 0 * 3 ( 1 9 7 7 ) . 
8 7 . N. Quresbl and S.A. Nabl , i b i d , £ 2 , 2059 ( 1 9 7 0 ) . 
8 8 . M. Quraabl and V. Kuaar, J . C u a a . S o c . , ( A ) , 1488 ( 1 9 7 0 ) . 
8 9 . N. Quraabi and R.S . Ratbore, i b i d , 2515 ( 1 9 6 9 ) . 
9 0 . M. Quraabi and J . P . Gupta, i b i d , 1755 ( 1 9 6 9 ) . 
9 1 . M. O^iraabi, H. Kummr and H.S . Kathore, Anal.Ctieai., 
%4, 1081 ( 1 9 7 2 ) . 
9 2 . L. S z i r t e a and L. %sinka, J .Cbronatogr . , 102 . 105 ( 1 9 7 4 ) . 
9 3 . X. quraabi , K.G. Varsbney and S.K. Katoirurfdln, Can.J.Cbaa)., 
5 0 , 2071 ( 1 9 7 2 ) . 
9 4 . K.A. U e i e r , J . Baat lan, A.B.II. Heckev and n . w i l d , 
j . Inorjg .Nuol .Cbaa. , 29., 815 ( 1 9 6 7 ) . 
9 5 . K.H. Konig and E. Nayn, Anai ,Chi* .Acta , 4 2 , 540 ( 1 9 6 8 ) . 
9 6 . P.M. Laraan and w.A. CI H a y , J . I n o r g . N u c l . C b e a . , ^ 0 , 287 (1968) 
9 7 . N. Toaota and r . I h i r o , Aaabl Garaaa Eogya Oijotau 
Sborai-Kaikaokenbya Ho Ko Ku, 14,, 563 ( 1 9 6 8 ) . 
9 8 . K.Il. Koaif and E. Mejro, J . Inorf .Nual .Cfaaa. , 29., 1519, ( 1 9 6 7 ) . 
9 9 . K.H. Wenii and G. Kekataia, i b i d , 21* 1*79 ( 1 9 6 9 ) . 
100 . S.N. Tandon and J . S . G i l l , Ta lanta , 1^, 1355 ( 1 9 7 2 ) . 
t ; .• 
101* S.K. Sr lvaa tava , R.I'. S ingh, S. Agarcal and S. Kumar, 
J .Radioanal .Cheau, * 0 , 7 ( 1 9 7 7 ) . 
1 0 2 . A.K. f* and S.K. Daa, S a p . S e l . , H., 163 ( 1 9 7 6 ) . 
103* S.N. Tandon and J.K. G i l l , Ta lanta , 20 , 585 ( 1 9 7 3 ) . 
104 . A.K. !>• and 1 . Choudhury, J .Chroaatogr . , 1 0 1 . 63 (197%). 
1 0 5 . A.K. Da and K. Choudhury, i b i d , 101 . 73 ( 1 9 7 * ) . 
106 . A.K. Dc and S.K. Das, Chromatographic, j j^ , 350 ( 1 9 7 8 ) . 
107 . M. Qureshl and V. Husaln, U.Chen.Soc. , ( A ) , 1204 ( 1 9 7 0 ) . 
1 0 8 . M. Qtirashl and S.A. Nabi , i b i d , ( A ) , 139 ( i 9 7 l ) . 
1 0 9 . G. A l b e r t l , U. Coatant ino, F . Di Gregorio and I . Torracoa, 
J . lnorg .Nue l .Chet t . , 2£ f 22ki (196%). 
110 . M. Qurashi, R. Kumar and M.S. flathora, «J.Cheau - o c , 
( A ) , 272 ( 1 9 7 0 ) . 
1 1 1 . H. t^urashl, R. Ktmar «nd u . 5 . nati iore, i b i d , 1986 ( 1 9 7 0 ) . 
112 . M. ouraahi , V. Kusar am! N. Zohra, tJ.Chroomtogr., 
6 2 , 351 ( 1 9 7 2 ) . 
113 . N. Qurasbi and J . r . Rawat, J . Inorg .Nucl .Chaau, 3jQt 305 (1968) 
114 . M. Quraahl and K.G. Varshney, i b i d , 3 0 , 3081 ( 1 9 6 8 ) . 
115* M. Quraahl and S.A. NabI, Ta lanta , 1£, 1355 ( 1 9 7 2 ) . 
116 . M. quraahl , S.A. Nabi and N. Zahra, Can.J.Cheau, 
22, 1667 (t977). 
117 . N. Qnraahi, K.G. Varahney and A.H. t a r a l l i , J .Chrowatoer . , 
2SL, i*l (197D. 
118 . L. <*«4rtaa, L. Zslnka, K.B. /aboranlco and B.Z. l o f a . 
Acta Chiai.Aoad.sol.iiunK., 5%., 215 ( 1 9 6 7 ) . 
119* P. Bat ter idge and G.N. S t r a d l i n g , J . Inorg .Nucl .Chcm. , 
22., 2652 ( 1 9 6 7 ) . 
120 . M. Qureahl, R. Kumar and U.S . Rathora, Talanta , 
12t 1377 ( 1 9 7 2 ) . 
121 . fc.lJ. Malik, F.K. s r l v a a t a v a , V.M. Bhaodarl and S. Kuaiar, 
J . I n o r g . N u e l . C b e * . , 2£,» 3*3 ( 1 9 7 6 ) . 
122 . J . P . Rawat and P . S . Thlud, Can.J.Ctieai. , 2%, 1892 ( 1 9 7 6 ) . 
1 2 3 . S .P . Grakov and V.A. l e t t a i n , Zh.Kaorgan.Khiau, 1^ , 1133 
( 1 9 6 8 ) . 
124. J . P . ftawat and J . P . Singh, Can.J.Cheau, ^ v 253* ( 1 9 7 6 ) . 
125 . J . r . Rawat and D.K. S ingh, Anal.Chlai.Acta, 87,, 157 ( 1 9 7 6 ) . 
126. J . P . Rawat, T. Khatoon and H. Sb anker, AnauCUiau, 
6 8 , 913 ( 1 9 7 8 ) . 
127. H.F. ttalton, Anal.Ch<>B., fi2, 86»S ( 1 9 7 o ) . 
128. M. Nonura, M. \he and T. I t o , Nipj/on K.ag>>ku Kuish i , 
2 , 529 ( 1 9 7 2 ) . 
129 . J . P . Rawat and r . ;. Mujtaba, Can.J.Che a . , «£ , 2685 ( 1 9 7 5 ) . 
130. M. Qureahl, J . p . Gupta and V. Shamsa, Anal .Chaa. , 
%£f 1901 ( 1 9 7 3 ) . 
1 3 1 . J . P . Rawat and K.P.S . Muktavat, J.Li qui J Ctiromatograi hy , 
( In p r a a a ) . 
132. R.N. Balk lna , Y u . I . Sukhara* and Yu.V. Erorrv, Zh.Neorp. 
K h l a . , 21,, 1758 ( 1 9 7 6 ) . 
1 3 3 . M. Qurashl, J . P . Rawat and A.P. Gupta, J .Chroaatogr . , 
118, 167 ( 1 9 7 6 ) . 
1 3 * . M. Qttreehl, A.P. Gupta, T. Khan and J . P . Gupta, I b i d , 
1** . 231 ( 1 9 7 7 ) . 
t3f>. J . P . Gupta, P.V. N o v e l l , M. Qureebl and A.P. Gupta, 
J . I n o r g . N u o l . C h e a . , *Of 3*5 ( 1 9 7 8 ) . 
136 . M. Qureanl, A.P. Gupta and v . Singb, S e p . S o i . & Teonno l . , 
( In P r e e a ) . 
137* J . P . Hawat and K.P .S . Nuktawat, Chrowat ograpt.la, 
JU, 513 ( 1 9 7 8 ) . 
138 . W.K. Rahsan, A.M.S. Huq and F.B.A. Marooq, J .Chroaatogr , , 
6 1 , 389 ( 1 9 7 2 ) . 
139 . F. Kobayaahi and T. Goto, Kogyo Kagaku /«j>a:tii, J2.* 6 9 -
( 1 9 7 0 ) . 
1*0. J . P . Hawat and J . P . Singh, Chromatographta, | £ , 203 U 9 7 7 ) . 
1*1. J . ! ? . nawat and .).1». «?ingh, Ann.Ct»i»., 66 , 587 ( t 9 7 o ) . 
1*2. J .A . B i t t l e a , l . ^ . P a t e n t , £ • * 9 9 , 537 ( 1 9 7 0 ) . 
1*3. V. rekarek, V. Seaely and J . l l l r t o h , J.Buli .Soc.Ctiia*. 
France, 18** ( 1 9 6 8 ) . 
1** . H. Abe and T. I t o , Bul l .CheauSoe.Japan, * £ , 333 ( 1 9 6 8 ) . 
1*5. M. Abe and T. I t o , i b i d , * 1 , 2366 ( 1 9 6 8 ) . 
1*6. M. Abe and T. I t o , Nippon Kagaku Zaaahi, • £ • n 7 * ( 1 9 6 6 ) . 
1*7. L.H. B a e t e l e and D. Hoya, B e l g . P a t m t , 6*9 . 7*6 ( 1 9 6 9 ) . 
1*8. N. Qareebl , K.G. Varehney and F . Khan, J . C h r o a a t e g r . , 
118. 167 ( 1 9 7 6 ) . 
1*9. L.II. B a e t a l e , V. Van Deyok and D. Huye, J . lnorg .Xue l .Chea) . , 
2^ , 6 8 3 ( 1 9 6 5 ) . 
150 . J . K r t i l , J . C h r o . a t o g r . , 20 , 38* ( 1 9 6 5 ) . 
1 5 1 . J . K r t i l , J . I n o r g . N u o l . C h e a . , 2^, 1862 (1965)* 
152 . V* Xouri«, J , Rats and D. Mil l ton , tbir i , 20 , 1111 ( 1 9 6 4 ) . 
153 . «*. K r t i l , Radiooh#a.Acta, 2* 30 ( 1 9 6 7 ) . 
13%. D. Nauaann, Karnanergta, <&, 173 (1963)* 
155* K.V. Barsukova and C.N. Radlonova, n a d l o k i a l y a , 
14,, 223 ( 1 9 7 2 ) . 
156* R.Ooaa, p . Sohonken, w. Dolea lagan, L.H. Baeta la and 
M. o*bont, J . I n o r g . N u c l . C n a a . , £ £ , 665 (197%)• 
157* S . J . Naqvi , n . Huya and L.H. B a a t a l a , I b i d , 22» %^17 
( 1 9 7 1 ) . 
158 . K.G. Varahncy and A.A. Khun, i b i d , Jil , U%1 ( 1 9 7 9 ) . 
159 . K.G. Varahney and A.A. Shan, T e i m t a , 2 5 , 525 ( 1 9 7 8 ) . 
160 . Ca. C z i b l o l y , L. S a t r t e s and L. /.«tnk<i, r adlochen.k j<ilo<mal. 
L e t t . , 8 , 11 ( 1 9 7 1 ) . 
161 . R.G. S a f l o a , N . n . Daniaova, I . S . Bolchlnova , Zh.t r l k l . K h l a . 
(Leningrad) , %6, 2*32 ( 1 9 7 3 ) . 
162 . Y. Yasava, T. E&uohl, K. Takaguchl, I . T o a l t a , B u l l . C h e a . 
Soc.Japan, 5 2 , 2923 ( 1 9 7 9 ) . 
1 6 3 . T. Niahl and I . F u j i v a r a , Kyoto Dalfaam Kogaku Kenkyueho 
Ino, 21* 2* (1971). 
1 6 4 . M. Quresbi and R.C. Kauatalk, Anal .Cnaa . , %£, 165 ( 1 9 7 7 ) . 
165 . P . s . Tnlnd, s . s . Sandhu and J . P . Ravat , Cbia .Anal . (Varaav) , 
2%. 65 ( 1 9 7 9 ) . 
166 . N. Q«raabi, R. Knanr and R.C. Kan ah I k , S e p a . S e l . a Yaouao l . , 
1 2 , 185 ( 1 9 7 8 ) . 
167• M. Qureahi, ft. Kumar, V, Snaraa and f . Kb an, J.ChroamtOtfr., 
118 . 175 ( 1 9 7 6 ) . 
166* K. Fedoroff and L. Icvova, C . i U A o a d . S e l . s a r . C , 
275 , 1189 ( 1 9 7 2 ) . 
1 6 9 . G.H. Nanool laa and B.V.K.S.f l .A. T i l a k , J . Inorg.Nuol .Cbaau, 
i l » 3643 ( 1 9 6 9 ) . 
1 7 0 . J . P . Harkin, G.H. Kancollaa and ft. Pateraon , i b i d , 
26 , 305 ( 1 9 6 4 ) . 
1 7 1 . r .V. Laraen and D.fl. V laaars , J.pUys.Cbaau, 6 £ , 1732 ( I 9 6 0 ) . 
172 . G.H. Nanool las and n . S . Held, J . Inorg .Kuel .Chaau, 
£ 1 , 213 ( 1 9 6 9 ) . 
1 7 3 . F.C. Naohod and W. Vood, J.Aa.ChaM.Soc., 6 6 , f 35C> ( 1 9 4 * ) . 
174 . G.F.Boyd, A.w.Ada«son and L.S . Myers, i b i d , 69., 2836 ( 1 9 « 7 ) . 
1 7 5 . D. Uelchanberg, I b i d , 2£t 559 ( 1 9 5 3 ) . 
176 . **'.«J. Harvle and G.H. N a n c o l l a s , J .Inorg.Nuo l .Cheau, 
^ 0 , 273 ( 1 9 6 8 ) . 
177 . G. A l b e r t ! , R. Bar traa i , M. Caaool la , I . Costant ino and 
J . F . Gupta, I b i d , ^ 8 , 847 ( 1 9 7 6 ) . 
1 7 8 . V. Coatant lno , L. Vaasodl , L. S s l r t a a and L. Zainka, 
I b i d , 4 0 , 901 ( 1 9 7 8 ) . 
CHAPTER t l 
STKTHFSIS, COMPOSITION AMD IOH WCCHAWGP BEHAVIOUR 
OF « r ( i r ) AS© Tt(rr) ARs&NopHospnvrrs 
SYNTHESIS, COMPOSITION AN ION LXCHANUF BHIAVIOUR 
OF Zr(IV) ANI> Ti(IV) AltSKNOFlJOsWUTkS 
Inorganic ion exchangers o f double s a l t type «ro 
g e n e r a l l y wore s t a b l e both e h e a l o a l l y and thermally than s i n g l e 
s a l t s * They a l s o p o s s e s s enhanced ion exchange o h a r a o t e r l a t i e s * 
Zlroonlus) p h o s p h o s l l l o a t e (S) I s perhaps the f i r s t of t h i s kind 
which has been used for the plutoulum i s o l a t i o n . S i m i l a r l y , 
t i tan ium p h o s p h o s l l l c a t e (2) has been use fu l for the separat ion 
o f r a d i o n u c l i d e s * A l s o , vanado- and arseno- phosphates o f 
Sn(IV) e x h i b i t apprec iable ion exchange eapac i ty even a f t e r 
heat ing t o e l e v a t e d teoperatures ( 3 , 4 ) * The fo l lowing pages , 
t h e r e f o r e , suonnariae the s y n t h e s i s , c o a p o s l t l o n and Ion exchange 
behaviour o f Zr(IV) and Ti(TV) areenophosph.-ites as ion exchangers , 
i n cont inuat ion o f our e f f o r t s t o prepare sowe new mater ia l s 
shoving e x c e l l e n t ion exchange behaviour, high s e l e c t i v i t y for 
soste s w t a l s , g o o d r e s i s t a n c e to heat and c h e s i o a l s sod posses s ing 
good separat ion p o t e n t i a l s * Tendon e t a l* (5»6) have a l s o 
s y n t h e s l s e d Kr(IV) areenophosphate very r e c e n t l y aud have 
s tud ied i t s ohenioHl and t b e m a l s t s b l l i t y . However, our 
approach has been a sjore s y s t e m a t i c , genera l and fundamental 
to exp lore the a n a l y t i c a l nature of theae Mater ia l s* 
RaajKantat 
?ireonyl «Mori'*# B«#M In thtst «t»dv w<»» -* pr«'*»*#»t t»<* 
J.T.Baker Chawiea) Co . , Phi 1 llpahurir ( U . S . A . ) . T i t a n i c e i i ( * r H e 
( S p . G . 1 . 7 3 ) , o a r i e awmonlu* aulphata and trl~ao41ttw o-phoapfcflta 
ver« obta ined fro» IWH, Pool* (Enplmid), wh i l e dl-aodioai Hr*u*nntr 
vsa an E .Merck (Darawtadt) product . Al l o ther rmaeent* an-' 
cheerio* la need were of Ana 1a8 grade . 
Apparatua 
The x - r a y unit uead In these s t u d i e s was a Gener 1 
H e e t r i e XttD6. D i f f r a c t i o n u n i t , whi le •peetropbotow«»teri* werp 
a Parkin rimer 621 Gratinc model for IR s t u d i e s In K»»ol ph«B»> 
and a flauseh t> Lomh Spe©tronlo-2n for c o l o r l w e t r l e « t o * t e a . For 
tbermotfravimetric analra la n T6A apparatus o f the F e r t i l i s e r 
Corporation o f India van uaad, *nd pT SUN* sure went a vara wad a on 
the 11*10 wodel o f an FIICO (In<Ha) pH n e t e r . A te»per*tnra 
c o n t r o l l e d *?ICO (In-*i») shaker wa* uaad for shsklnc purpose*. 
Preparation o f the a o l a t l o n a 
Stock s o l u t i o n (1N) o f t l t a n i u » ( I V ) e h l o r l d a w*a prepared 
In a y)K> hydrochlor ic aoid s o l u t i o n , and waa di lutod t o the 
des i red concentra t ion with d e a i n e r a l l s e d water ( l*W). E irconr ' 
e h l o r l d a , ceriuw(IV) eetatonlum s u l p h a t e , dl-j*odiuir arsenate »n-« 
tri-soriius> ©-phosphate were d i s s o l v e d in DWV d i r e c t I v to prepare 
their solutions of desired concent rat Ions. 
SP?!*!??*? J^fJLPj* jp*** r A?.l!! 
Various snwples of s ircontow(TV) f tit«ni«t«(TV) and 
e«rtum(IV) arsenophoephttee were prepared nv addln? sit*ture o^ 
arsenate and phosphate s o l u t i o n s t o the metal eo lift ion In 
d i f f e r e n t concentrat ion and v o l u m r a t i o n as shown in Ta*» »e t . 
Tbr pis WHS f i x e d - ^ t hy adding n i t r i c acid or ammonium hydroxide 
with constant s t i r r i n g . The s*p1« thus obtained vere dliremted 
at r o w tes»pcrature (25-1K> C) for f?'« hours -md fl't#»red on a 
^batman No**? paper by s u c t i o n . The e x c e s s aMd w s rewov*»d 
hy washing with rWfc and the awtterlnl w « dried In an a i r oven 
(^hQ £ ) . Tt was then crocked In DMV and the T a n u ?#»<• vere 
converted i n t o the H form nv put t lnr tbew in » s o l u t i o n of 
|M Jfvo for 2a hours , inters»i t tent ly r»nladnjr the su?>»m t snt 
l i q u i d with a fresh acid s o l u t i o n . The excJan-rer w-*s nov washed 
ara ln and dri#»d a* ahove. Several sa«ple* were pr«*P'»red of the 
»?we s jater la l t o check r e p r o d u c i b i l i t y In I t s heh<iviowr. 
Samples fAp-^ and TAP-^ were f i n a l l y s e l e c t e d for far ther <*t»«d|»« 
as they showed rood ion exchange eapnet tv ( i . e . e . ) »nd s t a M H t v 
An attssjpt w«s a l s o sjade t o proper* eer lmsOV) srs*>nonhosnhate 
hy the above s » t h o d . However I t s l . e . c . (Tabla ^) and 
apparent ohcwionl s t a b l l t t v ware poor and hence d e t a i l e d stud la* 
were not carr ied out on t h i s M a t e r i a l . 
TAB1* ^ 
PREPARATION OF SBr( IV) , T l ( I V ) ANP Ce(IV) AfiSFNOrnOSf"ATFc 
Sanple 
number 
Sftwpl© C o n o s n t r a -
t i o n o f 
n i x i n g 
s o l u t i o n s 
* i * l n g 
r a t i o n hy 
• o l u w e * 
M S As t P 
Na- i©» 
•xenaair* 
e*»pHeitv 
( s » ? . / * r y 
grmm) 
SAP-1 Z ircon iusj 
a r s e n o p h o s p h a t s 0 . 1 N 
ZAP-2 • 0 . 1 * 
ZAT-3 " 0.05M 
TAP-1 T i t ant UHi 
a r s e n o p h o a n h a t s O.tM 
TAP-2 
TAP-3 
CAP.l C e r i e 
a r s s n o p h o s p n s t * 
O.iM 
0 , 0 5 * 
0 . 0 5 * 
t 1 : 1 
• o 
: 1 : t 
: t : 2 
: 1 : 1 
: 1 : t 
: i : 1 
Q.*S 
n . P * 
O.OA 
1 ,?r> 
1 < •>«• 
t .^7 
0 .6O 
Cowpoettlon o f the Mater ia l s 
( • ) g treonlu»(IV) ar»enojr>hoaphate 
•500 at 111 crow* of the powdered exchanger were d i s s o l v e d 
In a Minlantni aaount o f the aqueous hydro f luor i c acid s o l u t i o n 
by warning in a platinum c r u c i b l e . After d i l u t i o n t o n e a r l y 
100 ail . with water , elreoniuwt waa p r e c i p i t a t e d (7) with a 
f r e s h l y prepared 6$ aqueous s o l u t i o n o f mipferron, f i l t e r e d on 
a Whatman No.42 ft I terpaper , i g n i t e d mnA weighed as £rO„. The 
f i l t r a t e was analysed for the a r s e n i c and phoephorous content* 
a f t e r destroying cupferron with p e r c h l o r i c a c i d . Arseni© we* 
p r e c i p i t a t e d as araenio sulphide frost the f i l t r a t e , d i s » o ' v e d 
In ammonium hydroxide and determined hy the Volbord*» 
thtocyanate method ( « ) . Phosphorous was then determined by 
the ammonium molyhriophoephnte method ( Q ) In the f i l t r a t e 
thus o b t a i n e d . 
(b) T l tan lua ( lV) arsenophosphata 
100 a l l l l g r a n s o f the powdored exohanrer were d i s s o l v e d 
in 20 s i l . o f SM su lphur ic acid by h e a t i n g In a baakar. After 
d i l u t i o n t o about 100 ail . with water t i tan ium was p r e c i p i t a t e d 
with cupferron ae above and iffnlted t o determine am T10. ( t o ) . 
Arsenlo and phosphorous present l a the f i l t r a t e were determined 
as deacrlbed above. 
The r e s u l t s o f the composit ion a t u d l e s are summarised 
In Table 4 . 
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Ion Exchange Capacity 
The l . e . e . of these a>ateri >ls were determined *v the 
eoluMn p r o c e s s . One gram o f the eawple i o H forw w«» peeked 
i n t o a column ( i . d . w l « » . ) , waehed with !*?W ?md e l « t e d with 
250 ml, o f a 1M eodlua) n i t r a t e e o l a t i o n Maintaining the flow 
ra ta <~* 0 . 9 ail./art n . The a f f l u e n t wee t i t r a t a d aga ins t a 
etandard a l k a l i s o l u t i o n to f ind out the n lona a l u t e d . 
S i a l l a r expert awn t» vara conducted for o ther na ta l Ion** a l s o , 
•uch a e , M ( I ) , K ( I ) t Mg(II) and C a ( I I ) . T |h l* 5 eueannrtse* 
the r e s u l t * . 
TAB LP 9 
KW FXCflANGF CAPACITY Of Zr(tV) VNP Tl(IV) 
ARS?FNOPflD«3>llATF«8 DHIFP AT *0*C. 
Metal e o l a t i o n a 
Ion exehaoge c a p a c i t y 
( • e q . / d r y %rmm) 
EAT-3 TAr-** 
I4C1 0 .73 1.1© 
NaCl 0.9% t . ? f 
• X I 1.99 < .«« 
^ ( H 0 5 ) 2 0.©3 1.17 
Ca(KO<5)2 O.01 t . ? * 
Conoentretton and glutlow onnrti 
The e lat ion of R Ions fro* the eoloan wee fo«nd 
depending on the concentration of the e luent . The option* 
eoneentratlon of eodtua n i trate (120 e>l.) neeet»«arv for the 
complete e la t ion of R* lone fro* the exchanger woe, therefore, 
determined by tairing different concentrations of e©dt»e> n i trate 
eolat ion ae eluent and plotting the m.moleti of the eluted H lone 
per great of the exchanger again at the t o t a l l . e . c . obtained 
(Figure 2 ) , Maintaining the eame flow rete an above. Since 
120 ail. of eodlua) n i tra te eolat ion of etrength >n.«f* gave a 
maximum l . e . c . the e la t ion ourvea were drawn by tatrtnt a 
J .ON NeNO. eolutlon ae e lnaot , analyalng each 10 ml. fract ion 
of the ef f luent for l t e B ton content. Figure <! above aueh 
e lut lon enrrem* 
Thermal e t a b t l l t y 
I t vaa etudled by heating the eamplee at different 
elevated temperature* for one hour each and determining the 
l . e . c . a f ter eoollng to the rooei temperature. One grem each 
• • • • • 
of the oamples wore heated at too , 200 , WO , 900 , oOO and 
600 C eeoerately* The percent retention In the l . e . c . at 
theee temperatoree ore ahown In Table 6 for eamploe ZAP-3 end 
TAP-7 alongwlth tboee of other aalta etudled e a r l i e r for 
oo•perleon. 
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CbjMrteal at a b i l i t y 
To datersrtne the • s t e n t o f d i s s o l u t i o n o f the** stater! 9 ?« 
in Mineral and organic act da, alien Ms and some n i t s o l u t i o n s . 
290 aw* o f the sa«plee were t rea ted with these ©hemic 1* for 
2% hours at rooa tesjperature . The mixture was shaken 
i n t e r w i t t e n t l y to a t t a i n equi l ibr ium mnfi eupernnt:»nt l iqu id 
was analyeed q u a n t i t a t i v e l y for the Zr(IV) , T i ( I V ) , As(V) *nd 
por""" content s by the given Methods. 
(*) P»t»r»tnat ion o f rlrconium 
9 » 1 . o f the supernatant l i q u i d which t* In #<?ui ii> rlow 
with ZAP-5 was evaporated to dryness and the res idue w«* tntcen 
In 2-5 v l . o f 0.1M HClt followed by a 0 .05^ a l c o h o l i c a H r a r l ^ 
red S (5 M 1 . ) . The co lour «o developed v«s d i l u t e d to "5 ml. 
in a standard volumetr ic f lask with water and the abeorbane* * M 
Measured a f t e r 15 minutes at 510 MU. against a reagent blank ( i 5 ) 
( e ) Determination o f t l tan lus i 
9 SJI , o f the aupornatant l i q u i d whloh i s in equi l ibriuM 
with sample TAP-5 was ml*ed with 0 . 5 s i l . o f a 50* H ? 0 o solution] 
and the volume van Made 29 » 1 . ay adding 10% su lphur ic so ld in 
a voluMetric f l n e k . The absorbsnee o f the eo lour developed 
was Measured at uOO •/». against the reagent blank (1%). 
( • ) Petermjpatlon o f arsen ic 
I t was dona by the Molybdenum b lue Method ( 1 5 ) . The 
rea«ent solution woe prepared by mixing. 10 ml. of eolntion A 
( l f . anoniun molyh<late In 100 ml. of 9N n?S0^) with 1 » ' . of 
so lut ion J§ (0.190 fa of hydraatne sulphate in fOO ml. water) 
and di lut ing the mixture to 100 ml. I t waa prepared freeh 
d a i l y . Ton ml. of t h i s reagent vara added to tha i t a p U 
•o lut ion (9 • ! . ) and the mixture waa heated on a steam bath 
for 19 mi mi t e e . After oooling i t waa traneferred to a 29 ail. 
volumetric flaak and dilotad to tha mark with tha reagent 
ao lut lon . Tha absorbanee waa taken at 700 mn againat tha 
blank. 
(d) Determination of phosphorous 
Phosphorous waa determined aa follows: A taa spoon 
f u l l oarbon black or ant awl charcoal waa added to the ssmple 
solut ion (10 ail.) followed by tha 100 ail. of 0.9M KaBCOj 
• o l u t i o n . Tha content a o f tha flaak ware shaken for 90 ml mite a 
on a aeehanloal shaker and than f i l t e r e d through a Whatman Ho. %* 
f i l t e r paper. 19 ail. o f the f i l t r a t e were taken in a 29 ail. 
volumetric flaak and 9 ail. of the ammonium moly**date eolntlom 
( 1 . 9 g . ammonium molybdate • 100 ml. of 9.2K HC1 • 9 ml. of 
oonc.HCl) wore added to i t . Tha eldee of tha flaak ware waehed 
with d ia t lHad water and tha solution waa ehaken thoroughly 
1 ml. o f 9nClf aolutlon (10 g . SnClg.SHgO dissolved in ?9 ail. 
• one . HC1 dilotad to 1320 ml. with water) waa added and tha 
volume was aiade upto the nark. The absorb 3 no* of the bine 
colour was recorded at 660 am again at a blank prepared in a 
a l a d l a r *ann*r ( 1 6 ) . 
Tablet 7 and 6 auawartaa the rata I t • e f ttia ehaatieal 
d i t t o l o t i o n * s t u d y . 
TABU? 7 
CHEMICAL STABILITY OF Sr(IV) AnSENOPHOSHIATB 
Ajtoont dlaaolvad i s a j . 
( 2 5 » 1 . ) 
1M UNO-
2 * HN05 
*H UNO. 
in ncio% 
2M HCIO. 
2M HC1 
w nci 
1M H280% 
IN HCOOR 
IN cn_cooii 
IN SMO. 
IN tfaMD, 
IN OTI^NO-
0 . 0 3 * WaOf! 
O.IN MaOH 
O.IN mm 
— " - • — 1 — 
0.00 
0 .06 
o.t5 
0 .00 
0 .06 
0 .06 
0 .13 
0.56 
0 .06 
0.02 
o.oo 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
V 
0 . 1 3 
0 . 1 3 
0 . 3 0 
0 . 0 0 
0 . 1 0 
0 . 3 8 
0 . 9 0 
0.%3 
0 . 0 0 
0 . 0 3 
0 . 0 0 
o.oo 
0.00 
o.s* 
2.60 
6.00 
At 
0.13 
0 .20 
o.3t 
0.00 
0.13 
0.*2 
0.66 
0.60 
0.0? 
o.os 
o.oo 
o.oo 
o.eo 
0.9* 
8.20 
7.10 
TABLF 0 
CHEMICAL STABILITY OF Tt(IV) ARSKNOFHOSPnATt 
Aaotmt dt»«o1v«« In a*. 
SolutlOB 
(23 • ! . ) " »~ T ~ ' ~ 
Tt P A . 
1M HMO. 
2M UNO. 
k* RNO. 
1M HC10% 
2M HCIO^ 
2M RC1 
AM RC1 
i l l H 2 90 % 
IN BCOOR 
ltf CH-COOfi 3 
IM mo3 
IN N«MO? 
IN MH J^IO_ 
0 . 0 5 N N«OH 
O.IM H«OH 
0 . 1 * *>B 
4 . 2 0 
1 0 . 5 0 
1 3 . 5 0 
l . 3 § 
2 . 0 0 
7 . 2 0 
8 .A0 
1 1 . 2 0 
0 . 0 0 
O.OO 
0 . 0 7 
0 . 0 5 
0 . 0 2 
0 . 0 0 
O.OO 
0 . 0 0 
0 . 8 7 
0 . 5 0 
1.A0 
0.2% 
0 . 6 0 
1 . 7 5 
2 .A0 
2 . 7 0 
0 . 0 2 
0 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 6 2 
3 . 2 0 
5 . 3 0 
0 . 6 0 
0.8% 
1 . 1 2 
0 . 2 * 
0 . 7 * 
1 . 6 0 
2 . 1 0 
2.«;o 
0.05 
0.05 
0.06 
0.06 
0.03 
1.82 
3.70 
*.40 
oB t i t r a t i o n s 
They were performed ae follows) 900 a*, of the loo 
exchanger were taken tn each of th« several 290 « 1 . c o n i e s 
f lasks followed hy the addition of the equlvolar solutions 
(0.05M) of a lkal i aeta l chlorides and the ir hydroxide in 
d i f ferent voluae r a t i o s , the f i n a l wolune feeing 9n «1 . The 
equilibrium vat attained hy keeptnf the eo lat ions ovemlcrht 
and the pH recorded. Figures % and 9 show the r io t* of 
ml 11 loo lee of 01! added against the pn recorded. 
Thenaonrswlaietrlo analyst* 
*72 * | . o f 2AP-5 and 257 •»»• of TAP-1 in II* form t*er#» 
taken for TGA atudiea and the rate of heattn* was Maintained 
at 10 C/srtn. Figure 6 shows the percent weight loss against 
tennerature• 
IB studies 
The IB spectra of the samples HAP-"5 and TAp-*s in B for* 
were taken after heatinjt the* at *0 C and 500 C for f hour s*eh. 
Figaros 7 and 6 show these epeotra. 
© LiOH/UCl 
A NaOH/NaC! 
• KOH/ KCI 
04 0-8 1-2 16 20 
m moles of OH~~added 
Fig.4. pH titration curves for Zrdv) arsenoohosphate 
by adaed salt, batch method. 
© LiOH/LiCI 
A NaQH/NaCI 
KOH/KCI 
1-6 
m moles of 0H~added 
20 
Fig.5 pH titration curves for Ti (iv; arsenophosphote 
by added salt batch method . 
Temperature ( °c ) 
Ftq.6 TGA curves for Zr ( iv ) and Ti Civ) arsenophosphates 
in H+ form. 
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DISCISSION 
Eireonlaa(IV) and t t t a n l n n ( l Y ) arsenophoaphatee 
pr«par«d in t h e e e e t a d l e e •how a high thenaal e t a h i l i t y . A* 
t a b l e 6 showa theee Materia la poaeeee an apprec iable ton 
exchange o a p a e l t y ( 0 . 6 - 0 , 7 •»«, . /§; . ) even a f t a r h e a t l n e a t *00 C. 
a p e c u l i a r and unneual behaviour o f an inorganic ion exohtnrer . 
A ooerparieon o f tha atarilar a a l t a eueh aa Sn(IV) and C r ( I I I ) 
araenophoaphate ( * ) • Sn(IV) tungato areenate ( 1 1 ) , Sn(IV) 
vanadophoaphate ( 3 ) Mid Sn(IV) vandoareenate (12) (Tabla 6) 
l n d i e a t e e t h a t tha pa roant r e t e n t i o n o f tha ion exchange 
o a p a e l t y o f Zr(IV) and Ti(XV) areenophoapfcatea i* h igher than 
any o t h e r eoapound o f t h i a typa at a l l h e ' t i n ? t ear r>er.-*t urea 
(iOO t o 800 C) • Thaaa awtari^la ©an, t h e r e f o r e , *e use* for 
atatal aaparationa even a f t a r heat lne at a hijrh temperature 
Thaaa p o e e i b t 1 1 t l e a are explored in Chapter IV. 
Since tha e l t t t ton o f the H iona f r o * tha c o l own o f tha 
axonanger depends upon the concentrat ion o f tha e l u e n t , tha 
c o n c e n t r a t i o n ourvaa are e a a e n t l a l for c h a r a c t e r i s i n g tha e l a t i o n 
behaviour o f an ion ax oh anger . Aa i t l a c l e a r froo) f l gnre ? 
tha optional concentra t ion for a f ixed vo luae (120 a l . ) o f tha 
e l a a n t (WaKOj) i s 0 . 5 * for t o o I r ( I v ) and Ti ( IV) eraenonbeenhatee. 
The e l a t i o n e t a d l e e I n d i c a t e that a l n o e t a l l tha H iona are 
la a ob ad out o f the eo luxa wi th in the f i r a t 120 • ! . o f the 
a f f l u e n t uelng a 0,5** e l o a n t e . The nature o f the concentra t ion 
and e l u t l o n curves are s i s i l a r t o the So(IV) areenophosptmte ( * ) . 
The pH t i t r a t i o n curves (Figures % and 5) for both the 
ion exchange™ t l l i t e t r a t e a A f u n c t i o n a l c h a r a c t e r . A oowpartaon 
o f tbaee curraa r e v e a l s that the Mater ia l s hare a mora ion 
axchanre c a p a c i t y for K(I) than for Na(I ) or 11(1) which way ha 
daa t o a ova H e r hydratad r a d i i o f K(I) (Tha hydrate* r a d i i o f 
K(I) - 2 . 3 2 A*, Ka(I) m 2 . 7 6 A* and 14(1) • *5,*0 A * ) , fha 
i . a . o . v a l u e s obnerved by oo linen proceae a l a o point to tha earn* 
c o n c l u s i o n . In KPH/KC1 system the f i r a t i n f l e c t i o n i a obtained 
at p f ! ^ * . ? for tha Zr(TV) arsenonhoaphate whi le at pR/-v>«?.'* 
for tha Tt(IV) araenophoenhate. However, tha eeoond i n f l e c t i o n 
l a not r e r y eharp probably due to a a lov ion exchange procaaa or 
a wide apraad o f e f f e c t i v e pKe v a l u e e . Tha ion exchange e a p e e t t v 
observed by the pfl t i t r a t i o n method i a h i t h e r th n that obtained 
by the column p r o c e s s . This stay be due t o the remov** 1 o f l e sa 
a c i d i c protons in the former c a a e . 
Tha IR spec troscop ic s t u d i e s (Fijrurea 7 and S) ehow 
atronjr and aharp peak a at frequencies ~ 80*>f r^ tOOO, <^ t%Ofj. 
«~<i500t r^> 16f)0 and 2900 ©• . Tha peaks observed a t ~ 8 0 0 oaf 
• r e i n d i c a t i v e o f tha a e t a l - o x y g e n at r e t ch ine v l h r a t t e a e (17) 
w h i l e thoae appeared at n^ 1000 . ~ t%00 end ^ 1 *©© are do* t o 
tha preeenoe o f HP0j**t HAaO""t POTM and Ae©!"" gronpe i n tha 
at rue tare ( 1 8 ) . Tha area en c e o f water of c r y s t a l l i s a t i o n i a 
i n d i c a t e d by tha peake a t - ^ 1600 and ^ 2900 am"1 ( 1 9 ) . Tha 
paaka at ^ 1600 en" octe a lao i n d i c a t i v e o f tha at rone ly hydro*; en 
r 
bonded OH or extremely s t rong ly coordinated H O . On heat ing 
the exchanger upto y»0 C the peaks a t /^1600 ew are broadened 
and become leaa I n t e n s i v e , probably beeanse o f the rewov*i ©f 
the i n t e r s t i t i a l water molecules f r o * the s t r u c t u r e . 
The oowposl t lonc • * the two Materia la synthes ized In 
t h e s e s t u d i e s tkT0 2»t»f and } t l t f for ZrjAeiP and TltA«iP 
r e s p e c t i v e l y . On the b a s i s of t h i s , TGA and IK s t u d i e s , the 
fo l lowing t e n t a t i v e formula m y be proposed for these two s a l t s : 
<ZrO8)2(H3Ag0%) ( f t y o ^ ) .n Rg0 
and 
[(TtO2)5(H3Ag0%) (*jPOk) .n HgO 
The va lue o f 'n* the ex terna l water «olect?le«» h<*s -^eers o^tnlned 
onlrip Alh^rtfa equat ion (J?r>) 
100 
where, X » «f weight l o s s i n the Mater ia l . 
M • Moleoulsr wsight Minus the e x t e r n a l water MOleeoles 
n » number o f e x t e r n a l water MO l o o n i e s . 
Pro* the TGA c u r v e s , we f ind that the waxlma* weight l o s s i s 
/ x / y K for both t i t a n l a w and s l r e o n l a a arsenophosphate a t 
500 and 600 C r e s p e c t i v e l y . However I f we assuwe a r t w v i J of 
only the external water R»o]eeuI«»a frotr, the exe»ianjter at ^?Of* C 
the oorreapondtnjr percent weight loeaea for *lreonlua> 
areenophoaphate and tltanttna araenophoephate are fo«n<1 to be 
12.«, and 13 respec t ive ly . The above equation then «lve« the 
externa) water »oleenlew per aolecule of Er(IV) an*! Tt(IV) 
araenophoephatee which la obtained a*r-j 4 . The «tet *ile«l 
atrueturea of theae Materials oannot be predicted einee thev 
are amorphous *e indicated by the x-r »y dif fract ion s tud ies . 
( 
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CfiAfTEtt I I I 
SYNTHESIS, COMPOSITION jWD IOM EXCHANGE BEHAVIOUR 
or Ct(iv) AND sn(nr) FHOSPHOSILICATES 
( > - , 
SWTitFSIS, COMPOSITION AND IOW EXCHASGF BPIfAVIOUR 
OF Ce(lV) ASP Sn(IV) PffOSHIOSIIlCATFS 
Inorganic ton exchangers baaed en s i I l ea ar» o f 
p a r t i c u l a r i n t e r e s t because o f t h e i r s t a b i l i t y and reprortoo l^* 
behav iour . S i l i c a t e s o f 2 r ( I V ) . Ti(IV) and 8n(IV) ( 1 - 5 ) have 
shown good ion exchange p r o p e r t i e s and have boon found nseftvT 
in the separat ion f i e l d . Doable s a l t s based on s i I l ea have 
a l s o r e c e i v e d a t t e n t i o n because o f t h e i r enhanced ion eveh^nre 
p r o p e r t i e s . Phosphosi l l o a t e s of c l r e o n t n * (h) and t l t a n i u v (r>) 
have e s t a b l i s h e d w e l l t h e i r s u p e r i o r i t y over o ther s w t e r l a l s 
o f t h i s c l a s s * The s y n t h e s i s o f new s a l t s o f t h i s type l e o f 
i n t e r e s t i n order t o widen the scope o f t h e s e e a t e r t a I s . This 
ohapter summarises onr e f f o r t s t o s y n t h e s i z e two new ion e*e*snre 
m a t e r i a l s namely Ce(IV) and Sn(fV) p h o s p h o s i l i o a t a s which 
p o s s e s s good ion exohang* p r o p e r t i e s and are use fu l for sowe 
important awtal s epara t ions* 
f 
BIPPRIMEMTAL 
Heagenta 
Cerio aanonluB su lphate and Phosphoric ee id naed in 
theae e t u ^ i e s vara of BW1 (Fag land) . Stannic c h l o r i d e p e n t e ^ v r * t e 
was a P o l i s h nrodaot ( P . P . n . Po l sk i* Odoannlkt Ctteertasne G H v t s e ) , 
w h i l e eodlnsi e l l l o a t e powder wee a Re ide l (Germany) prod no t . 
A l l o t h e r reagents and eh amioa la ware o f AnalaR frade procured 
frow e i t h e r Mi! (Fngland) or F.Werck (Darwetadt ) . 
Apparatoa 
An BUOO «odal LI-10 pH a e t e r waa need for at! aeasnreaentft 
whi le epeotrophotoaetr ic atudiaa ware performed on a Bauseh A 
lowb Speetronlo 20 e o l o r i a e t e r . in atudiaa were ami* on » 
Parkin Elaer 621 Grating Infra Had s p e e t r o p h o t o a e t e r . 
Synthaaia o f tha ton exchange a a t e r l a l e 
<•> Co(IY) phoonhool l looto 
Tha atook e o l a t i o n o f eodina s i l i c a t e (0.6M) waa 
praparad i n d e a i n e r a l l e e d water (DMV). A f i x e d roloeje 
(100-290 a) l . ) o f t a t e a o l o t t o * woo d i l a t e d t o one l i t e r with 
DMV, fo l lowed by toe 90 a l . o f c o n e . M?S0% and 200 a l . o f a 
0«iM o a r l o aaaonlo* ea lphate e o l a t i o n , e t i r r l n r c o n t i n u o u s l y . 
The e o l a t i o n w«« then wad* b a s t e (p f l^§) by eddlnf eaaonta 
dropwiae with oonetant a t i r r i n r end tha r e s u l t i n g "el WAS 
r,;, 
allowed to n e t t l e at room teatperatore (V) C) , f i l t e r e d and 
washed with HWW. I t was than d i spersed In a fOOO ail . adxture 
o f phosphoric and n i t r i c aolda conta in ing 0 . 5 no Ion each o f 
• 
the two and the c o n t e n t s were a t i rred for 2 hours at 65-70 C 
Af ter t a t t l i n g , the g e l waa f i l t e r e d out by a u c t i o n , washed 
with rwv
 a n a dr ied a t the aaac temperature In an a i r e v e n . 
I t was cracked i n t o a v a i l granule* in WO* and v a t converted 
i n t o the ft form with IN nK0_ ae u s u a l . The • a t e r l a l was 
ayntheeixed in d i f f e r e n t b a t c h e s to study i t a reproducib le 
i o n exchange behaviour . Various eawples were prepared by 
a l t e r i n g the volusw r a t l o a o f the Ce(IV) an* s i l i c a t e e o l a t i o n s . 
the l . e . o . o f which »re susnuirlxed In Table 0 . 
TABLF 9 
Ma- ION FJCHAWCr CAPACITY OF SOW!" SAMP ITS 
or Ce(iv) pnospnosuicATE 
Sample Vol use o f 0*111 Volua>e o f 0 . 6 * Ion exchange 
nmaber e e r i e a i « o n l — sodluai a l l l o a t e c a p a c i t y 
eulphate e o l a t i o n e o l u t l o n (acq . / d r y g . ) 
CPS-1 200 100 1 .90 
CTS-2 200 190 f . 2 f 
CP8-5 200 200 1 .50 
CPS-* 200 2*0 1.59 
c« 
<°) 9 P ( 1 V ) PPoapnoai l t c a t e 
A f ixed volume o f the sodtusi c l l l e n t e s o l u t i o n 
(50-150 s j l . ) was d i l u t e d to 500 « 1 . with BMW fol lowed by the 
e o n e . HC1 (50 » 1 . ) and 0.1*1 s tannlo e b l o r i d e (500 a l . ) s o l u t i o n s 
s t i r r t n * c o n t i n u o u s l y . I t was nmde b a s t e (pH ^ 8 ) by adding 
amvonla dropwlse and the g e l obtained was l e f t for 6 hour* 
t o s e t t l e down. I t was f i l t e r e d , washed wltb DWW ;ind 
d i spersed in a 1000 » 1 . Mixture o f phosphoric and n i t r i e ac ids 
conta in ing 0 . 5 • o l e a eaoh o f the two with constant s t i r r l o r 
at 69-70 C for 2 h o u r s . After f i l t e r i n g the f e l w>«* washed 
and dr ied at t h i s temperature In an a i r oven . The dr ied 
mater ia l gave white s n a i l grannies on l o v e r s i n * In water which 
were converted Into the H fen» as above. To atu^v i t s 
reproducible behaviour the mater ia! was prer«rart i f sever-*! 
b a t c h e s as above. D i f f erent savn le s were prepared hv varvin^ 
the voluwe r a t i o s of the SnCl. and s l l l e a t e s o l u t i o n s , the 
l . e . o . o f which are abown in Table 1 0 . 
TARLt: 10 
Na* I0H BtCnANGF CAPACITY OF SOWF SAMPLPS 
OF §tt(IV) PltOSPHOSlUCATP 
, , , 1 
Saaplo To lame o f 0.1M Tola** o f 0.6M Ion ex eh an* e 
nuai>er SnCK e o l a t i o n sodiws s i l i c a t e ean^oitw 
s o l u t i o n (wen. /dry g . ) 
SPS-1 500 50 1 .20 
HPS-2 500 75 t . 5 6 
SPS-5 500 100 1 .5* 
SPS-% 500 125 1.60 
Sr««-5 500 150 1.6* 
( 
Samples CPS-5 and SPS-* were ee l ec ted for further 
s t u d i e s . 
CoBtpoaltton o f the ion* e»chenire mater ia l s 
(a ) Co(IV) phoephoat l i o a t o 
900 a f . o f the •K«h«nf«r were heated with • 20 » ] . 
s o l u t i o n o f 8W "g550* • n d a"11"**** •»©»* f i v e fo lds with WW. 
The S10- remained undisso lved which was f i l t e r e d out and 
deterartned isrrBVlwetrtcally ( 6 ) . The f i l t r a t e vat mart* upto 
250 ail . with fiMfc, a port ion o f vMoh wa« analysed volumetrt-
c a l l y for the C«(IV) content by the sod i tun biaemthate a»tbod 
o f Metsger ( 7 ) . Phoapborfuia was determined apec tro j^oto -
m e t r i c a l l y («) at *30 am a f t e r redtieine Ce(IV) to C e ( I I I ) bv 
o x a l i c a c i d . The r e s u l t s are r i»ed in Tahl«* It . 
TABIF 11 
COMPOSITION OF Ce(IV) PHOSPMOSIIICATK 
S I . Asjotrat o f Mi l l i awleo H t i H w l s s M l l l i a o t e a Mole r a t i o 
No . aaaple o f oeriuai o f a i l loon o f CotSi iP 
taken (aw. ) phosphoroua 
i . 900 0 . 9 6 t . 9 0 1.09 tilth 
2 . 900 0 . 9 9 2.%7 1.90 2:«5»% 
3 . 900 0 . 9 7 2 .90 1.99 2t*tk 
( 
(b) So(IY) p h o e p h o e l l i o a t e 
500 a g . o f the exchanger were heated with B 20 • ! . 
s o l u t i o n of «M HC1 and the Mixture wat (ftluted %-* t ime* with 
0MTV. The undisso lved SiO„ was f i l t e r e d out and was deter*tne<l 
by the usual pravtwetr ie prooedure as above. The f i l t r a t e v^i 
t r e a t e d with R.S t o obta in t i n su lph ide which was f i l t e r e d oi*t 
and d i s s o l v e d in HCl t o determine t i n v o l u a t t r i o a l 1y with 
*^
C r 2°7 a i r * e , r t t B reduct ion with load powder (o ) . The 
f i l t r a t e thus obta ined was b o i l e d t o exnel llnS «a« nn«f w •* 
analysed for the phosphate content by the aaw»ont»»si »olybd©-
phosphate ajethod ( l o ) . The r e a u l t a ore euisweriaed in Table * "*. 
TAB LP j 2 
COMPOSITION OF Sn(lV) PlIOFpnO SILICATE 
v 1 1 1 1 
S I . Aaoimt o f M i l l l * » l e » Mi 11 two lea M i l l l w o l e e Mole r a t i o 
Mo* savp le o f t i n o f a i l l o o n o f phosphor SnjSitP 
taken ( a y . ) reus 
1 . 500 1.00 1 .00 1 .90 2*2*3 
2 . 500 1.00 0 . 9 3 1 .43 «*t*3 
3 . 500 1.00 0.98 1.93 t i t t 3 
low Exchange Capacity 
I t waa determined by the eoltnpn proeeee bv tavlnv 
one tram o f the eaanple In a b u r e t t e ( l . d . r ^ 1 e * . ) with a 
f laaa wool support . Af ter waehln* tha eo loan with !*fVt 
1M a o l o t i o n o f tha e e l e o t e d awtal a a l t waa paeeed through 
tha eoloan at a flow r a t a o f ^ 0 . 3 ail . / v i a , Tha c o l l e c t e d 
a f f l u e n t ( a d d ) waa than t i t r a t e d with a etaodard NaOH e o l u t l o a 
t o ob ta in the c a t i o n exchange c a p a c i t y . Tha experiment waa 
repeated for d i f f e r e n t metal a o l n t l o n a and the l . e . c . fmmd 
In a l l theae eaaea mrm euemwrlxed In Table 13 for the 
eaap lee CPS-3 and SPS-%. 
TABI* 13 
ION EXCTHNGF CAPACITY OF Ce(IV) AN' Sn(IV) 
pn08PH0«TLICATF« FOR PlITFnFVT MKTAIS 
Ion Exchange Capacity (Bern./dry g . ) 
Metal eolation * 
CPS-3 8PS~4 
1.22 1.21 
1.50 f .60 
1 .53 1.62 
1 .10 1.03 
1 .«% 1.32 
1.69 1 .46 
1.68 1.58 
UC1 
KelfO-
wo, 
Ce<l»3)2 
8 r ( l » 3 ) t 
«eCl 2 
Chewteal etablllty 
290 mg. of the exohangere vera placed in 25 ml. each 
of the various mineral adds , bases, salt solutions and organ to 
aetda of differant eoneentrationa for 24 hour* with Intermittent 
shaking. The supernatant liquid vaa analysed for the cerium. 
t in , ailioon and phosphorous oontanta by the otandard 
speetrophotometrle methods aa follovat 
(a) Determination of oerluw(IV) 
5 ml. of the supernatant ll<i«id van nixed with f Ml. 
of sulphuric acid, and diluted to to ml. with OWW. JM> me . of 
PhO_ vaa then added and the Mixture vaa ah a ken for five minute •» 
to enaure complete oonveralon of Ce(III) to Ce(IV). P*n? »*» 
removed by filtration and the fi ltrate vaa mixed with 1 ml. of 
0.e2# ferrous ammonium sulphate and 10 ml. of 0.1< o phenm-
throllne. The pH of the solution vaa ad lasted to ".•! to ?.<* 
by adding HH^OH end H-90^, and the eolemr developed vaa 
measured for the excess ferrous ions ( i f ) . 
<•) Determination of tin(IY) 
9 • ! • of the oupernatant 11 em id vaa baated vith f ml. 
H 2 8 0 * t o * * • ****** T h # n 4 t * • • • * * • * vith 1 ml. of 3< Hj»°j> 
10 ml. of the buffer eolation (all 5) mmd 1 ml. ef filtered 
fresh guv arable solution. To this v«s added 10 ml. of fl.1< 
aleoholic phanyIfloorone solution. After * Minutes i t vaa 
di la ted to 50 Ml. with 1:9 hydrochlor to sold and the 
abaorbanee was Meaeured at 310 MU ( 1 2 ) . 
(o) Petererinatlon of at HOOP 
3 ail, o f the aapertiatant l iquid waa Mixed with ?.*? wl 
o f 10* aufonlnai Molybdate so lut ion , dl lutad to 10 mi. After 
5 • inutaa* 2*5 ail. of the 5< c i t r i c acid aolution waa added 
and the abeorbanee waa taken immediately at *20 MM ( 1 3 ) . 
(d) Deteradnation of phosphorous 
3 Ml. o f the supernatant l iquid waa Mixed with o,8! ml. 
©one. n 2 s 0 4 |U>d * ail. of k&t HF in a platinum cruc ib l e . The 
aolut ion waa heated in a water hath to evaporate the at l i e" 
content . The phoephate waa then determined by the vanado-
Molyhdate Method (ik). 
Tab lea 1% and 15 enow the r e s u l t s of the s tudies on 
oheMioal s t a b i l i t y . 
TherMal at a b i l i t y 
Several one gram samplee of the two aalta (CPS-i and 
9TS«.%) wore heated at d i f ferent teat per a tare a for one hoar eaott 
After ©oolin* to the room temperature, the i . e . e . of the 
•maplea wore determined aa uaoal by the column process . The 
re an It a are shown in figure o alongwtth the same data for 
other double aalta for comparison. 
o 
o> 
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•o 
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100 
Sn(iv> arsenophosphate 
Sn(iv) tungstoarsenate 
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Fig.9 A compar ison of the Thermal s tab i l i ty of 
d i f ferent Sndv? based double s a l t s , Ceciv; 
phosphos i l i ca te and Snciv ; phospha te . 
TABU? 14 
SOLUBILITY OF C«(IY) FH08PH0SIUCATP IN 
DIFFRHRNT SOLVENTS 
"" i— " ' "" 
Anotmt 4 1 o o l v « d ( • « . ) 
Solvent • I , I . 
IN HMO. 
2M HMO. 
0.5N WftSO-
IN H 2 » 4 
IN IIC10% 
2M RCK>4 
2M KaNO_ 
4N CR-COOH 
%N HCOOH 
0 . 0 5 * NaOff 
0 . 1 * WaOH 
0.31 
1.60 
0.80 
1.71 
0.22 
0.78 
0.00 
0.42 
0.53 
0.00 
0.00 
0.3* 
2.10 
4.10 
3.00 
0.25 
0.35 
0.30 
0.70 
1.20 
f.57 
3.90 
0.32 
1.23 
3.20 
4.60 
0.20 
0.42 
0.20 
0.74 
1.1S 
1.24 
2 . 99 
TABtP 15 
SOLTBILITYOF Sn(IV) FflOSPflDSI IICATF 
IN MFFFRPNT 901.VFNTS 
1 
AaoiiDt d i « » o l T » d ( « p . ) 
So l r « n t " . i — i 
Sn P St 
IN HNO. 
2N RNO. 
IN HC1 
2M HC1 
IN I!CJO% 
2M HCK>% 
0 . 5 N H2S0% 
IN H2SO% 
2N NaNO. 
2N Cfl-COOH 
2N HCOOf! 
0 . 0 5 * If SOU 
0,111 IfaOR 
0 . * 2 
1 .12 
0 . 6 2 
1.85 
0 . 0 0 
1.46 
0 . 5 2 
1.21 
0 . 0 0 
0 . 4 J 
0 .41 
0 . 0 0 
0 . 0 0 
0 . 5 1 
0 . 7 * 
0 . 6 2 
t . 2 0 
o.*o 
1 .20 
0 . * * 
0 . 9 8 
0 . 0 0 
1.00 
0 . 9 0 
2 .40 
* . 9 0 
o.ei 
o.6o 
0.%8 
0 . 8 0 
0 . 2 0 
0 . 7 6 
0 .31 
0 . 6 2 
0 . 0 0 
0 . 8 6 
0 . 6 7 
1.80 
2 . 9 0 
pH t l t r « t l o n f 
Th«y were p#rfor«ed ae daaerleed in Chaptar II and 
th« oarvea era shown In figaraa 10 and 1 1 . 
IH stadias 
the IR apeotra of Co(IV) and 3a(I v ) phoephosl Hoatee 
In H* for* • • shown In figures 12 and 15 wora taken by the 
O r dlao vethod. 
10 
x 
CL 
O Li OH - L i CI 
A N a O H - N o C i 
• KOH - K C I 
_L ±. 
0 d 0-8 12 1-6 
m moles of OH~added 
20 
Fig.10. pH titration curves for Ce uv> phospho -
silicate. 
X 
0 O i 0 8 V2 1-6 20 24. 
m moles oi OH'added 
Fi9.il pH titration curves for Snciv) phosphosilicdte. 
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PISCC9S10H 
flyntheale o f tvo new, reprodeotble and etable Inorganic 
ion exchangers baaed en Ce(IV)# Sn(IV), phoaphate and e l H o a t e 
fa the aaaantial feature of thia etudy. A awtbod of e f f ec t ive 
phoephat1nation haa been devteed reeel t tng Into a Material 
having reprodeotble eharaeter le t loo . the at Ho le eeld forwtd 
en adding H2*>4 o r H C I t o * o l # a r eolat ion of aodluv a l l l e a t a 
forme a s a l wean treated v l th e e r i e a—ion loo enlphate or 
t in(IT) ohlorlde at a pH^ 8 . Thla ge l probably eonelat* of 
f lakee of tiOg coated vl th e e r i e hydroxide or tln(XV) 
hydroxide (* ) . I t l a atlrred v l t h a Mixture of B.rT>%~n!«) 
a 
at 65*70 C for tvo hoere, to obtain the two ion exchange 
• a t a r i a l a . The method f lvea the ion exchanger* having 
reproducible behaviour. It vaa c l e a r frow the a 1noat constant 
valuea of the l . e . e . and ohealeal cowpoeltlon obtained for 
di f ferent batches of the eaaw Material , 
Tab lea 1* and If ahov that theee Materia la ore f a l r l v 
• tab le In d i lu t e Mineral aolda. N i t r i c acid attaeka leaa aa 
compared to other aolda. Ilevever In O.IM KaOH both the 
exebancere hydrolyee s l e v l y . Thla bahavlenr i e d o l l a r t o 
other Materials o f th la type. A oovparlaon v l th the four 
• Ing le ea l t e (Co(lV) ahoaphate, Ce(IT) e l l l e a t e , 
•a(IT) ahoaphate and Sn(IT) e l U e a t e ) prepared ander the ea»e 
experimental oondltlena reveals that the Ce(IV) a l l l o a t e 
ehowa a lsea s t a b i l i t y In Mineral aolrfe than the Ce(IV) phoepho 
s i l i c a t e prepared in these s t n d l s s . Also, 9n(XV) phosphosl H e a t s 
•hows «n inprovsawnt in the i . e . c . and ehesrtoal at a b i l i t y over 
Sn(IY) phosphate and s i H o s t s ( 1 9 , 5 ) . The i . e . c . of Ce(IV) 
phosphosi Heat s l a a lew at the earn aa of the aaerphoua 
Ce(IV) phosphate ( 1 6 ) . 
On heating So(IV) and Ce(IV) phoephoallleates for one 
honr at 400 C, they show an appreciable i . e . c . (Ftrure ©). 
However, the corresponding s ingle s a l t s are reported (%t«M6) 
to lose the ir l . e . e . a laws t ooaip l a t e ly when heated at t h i s 
temperature. When eompared with other double s a l t s a l s o , aoeh 
as araenophospbate (17) # tungetoaraenate (18) , vanado-
phoophate (19) and vanadoarsenate (20) of Sn(IV)^our etateriala 
show a higher thensal a t a b l l i t y (Figure 9 ) . 
The Ce(IV) and Sn(TV) phosphosl1testes ere probably 
the weak ejonofunctional nation exehangers aa Indicate^ by the 
pH t i t r a t i o n corves (Figaros 10 and I t ) . The curvea anggest 
an l . e . c . greater than the exper lasnts l ly obtained v s l a s s at 
fBr*> 7 . Thla nay he due to the reejoval of laaa sold i s protons 
also during t h i s prooess . 
The IH speotra of these aa ter la l* show the hand 
•axlam at frequencies ^ 3600, ^ 1600,/v 1100,^/ 6oo and 
^ 400 ©sT . They correspond tot ( i ) etretoi lnr v ibrat ions 
• f the i n t e r s t i t i a l water Molecules and the aore atron«»lv 
attached Off groups present (21) In t h e i r moleottles, 
( i i ) metal-hydroiryl deformation vtbrat lone, ( l i t ) presence 
of the Poj", WPOJ*, HgPOj and S10*~groapo (22) and ( tv ) the 
metal-oxygen atretohIn* vibrationa (23) respec t ive ly . 
The eoapoeltion of the two Materia la eyatheeiired In 
these s tudies are 2t9t« and 2t2i3 for CetSt:P and SnjSltP 
r e s p e c t i v e l y . On the hea l s of t h i s , IB and other «turtles 
the tentat ive formulae of Ce(IV) and Sn(lY) phoephoallloates 
ajay he jriven aa 
.n H?0 
and 
1 (8
"°2)« <MOB>2 < V V y •" H2° 
However the detai led atruotures of these exchanger» eannot lie 
predloted olnoe they mr« amorphous aa Indicated »y the n-ray 
dl f froot lon e tndles . 
<Ce02)2 ( 8 1 0 t ) 5 (H3PO%)4 
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CHAPTKK IV 
DISTRIBUTION AK!> SEPARATION STUDIES OF *ETA1 IONS 
OK £r<IV) AND T i ( I V ) ARSKKOPHOSFfiATRS 
<>• : 
DlSTftlSCTIOR AND SEPARATION STUDIES OF MKTAL IONS 
ON ftr(nr) AND Ti(IV) ARSENOPflOSFRATRS 
Inorganic Ian axobangara ara aaparlar to tbair t r g M i i 
ooontar parts baeaaaa a t tbair bigfear a t a M l i t y «t • lava tad 
taajparaturaa and aadar atraog radiat laaa. Alaa, tbay «rt 
aalaet iv* far a*tal ion a. Si rooal « • ( !¥ ) pbaaabata ( l ) 
t t taniaa( lV) vanadata ( 2 ) , and t la(IV) aalenita (3) far taatanaa. 
bava alraady abavn • high tharaal a t a b l l l t y . Daabla aalta 
snob • • ranadopboapbata (%), vaaadoaraanata (•?) and toagata-
araanata (6) af t in(IV) rata in appraaiabla ion asahaaga eanaalty 
avan an haatlng ta an appreciably bigb taarparatara and mrm 
aalaet lva for alkalina aartba. Similarly , t in(IV) araana-
pbospbata (?) abova a goad a f f i n i t y far tatravalaat mat a la 
snob an Th(IV) and Zr(lV) . Zr(lV) and Ti(IV) araanopbaapbataa 
prsparad by as bava abown aoaw anoauraging rasa It a in raapaat 
• f tha ir ahasloal and tbaraal at a b i l i t y a t i l l aa tra tad in 
Obaptar I I . To avalnata thair u t i l i t y in aaparatlaa aaianea 
aystana t l e a l l y tbaaa aatarla la bara saan aalaatad far tba 
d l s t r ibat iaa s tadias af a s t a l iana in diffarant aatoaat ayatsas . 
Tbia Obaptar an—ariaaa tba data i la a f aaab a atady. 
(' ) \ ! 
gPEBlHFWTAl 
Piatrlbutton otndloa 
fho natal ton M l i t U B f for tha dlatrlbot ion atodioo 
woro proparod 1B SMV axoapt theoo of t r i - and totravalont 
aatala vhieh woro diaoolvod i s praaanoa of • ntninnn aaoant 
of tho oorreapondln* • inora l aold to provant hydro l y a i o . 
Distribution studio* of naarly 2S natal iona war* porfomod 
in (91 lata UNO., HCKh.
 f H00OR, CR-CO0R aolotiona and in BMV 
by taking 290 ng. of tho 60-100 noah s isod loo osohanfor boado 
(ZAP-3 or TAP-"5) in a eontoal flask containing 29 » 1 . of tha 
notat ion, wbooo natal ion oonoontrntlon wae adjoatad tor^>y& 
of tho t o t a l Ion oxohanga oapaeity of tha notar ia l . Tha 
oontanta of tha flaak vmn ahakan oontinnnualy for four hoars 
to a t ta in equi l ibr ia* . Tha sntal iona proaaat in tba notation 
phaao i n i t i a l l y and aftor attaining aqnl l lhrlan vara datsrwtnad 
votanwtrioal ly with W&tA ($) (O.OOfX) axoapt for Ti(XV), Ca(IV) 
and tX)g(XX) wbtoh worn dotorndnod apoetrophotonotrloally ( 9 - f f ) . 
Tba Ma vatasa varo obtalnod by noing tbo ooaation 
wfcoro X • I n i t i a l anoont of tho natal ion in tho aolat ion 
phaoa. 
F • Final • no ant of tha natal ion in tho an lot tan 
phaao. 
• m Volume of th« solution ( m l . ) . 
A • Amount of the exohane:er ( « . ) . 
The reeulte ere euam>arlzed In Tab Ion 16 end 17 for Zr(IV) end 
Tt(IV) araenophoephatee respect ive ly . 
Separations achieved 
The 60-100 meet* sired p a r t i c l e s of the exehan*er (2 g . ) 
tn If fern ware need for the eolwmn operation in a * l»as tobe 
having an i , d . / x / 0 . 6 «m. Tha column vae waehed thoroughly 
with DPfV and tha mixture to be separated was loaded on i t 
Maintaining a flow rate / -^2-3 drope/mtn. Tho eeparatlon w«a 
achieved by paseln* through tha column a suitable solvent «« 
alttent at a flow rate A/ 0 ,5 ml./min. Tha so Ivont* vera 
oalaetad on tha beat a of the Krt values and tha indtvirtual 
alution ourvee of tha awtal i ons . Tha metnl ions in tha 
aff luent were detected by tha standard a pot taata (12) mn* 
tbair quantitative da t anal not ion a vara node by tha method* 
•enttoned above for tba dtetrlbution atodlea. The important 
aaparations achieved on Sr(IV) and Ti(fV) areeftophosp^atee 
•re atamari*ed in Tab lea i t and 19 omd tha eerree pondteg 
a lot ion ourvaa mv ehovo in Figures f e - 1 9 . Tha H o l t of 
loading for each component wee determined Independently by 
totting i t a varying amounta for loading and verifying whether 
the eluted amount ia within tha allowed error range (.+. ' * ) 
or n o t . 
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0 40 80 120 
Volume of effluent cm!) 
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and Ceuv>-Tiuv> on Zrciv; a r se r .opncspr . a re columns. 
&: O O I M MNO3 , b : 0 ' 1 M H N 0 3 ) 
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Fig 17 Septration of Mg ( iO-Sr<n>, M g u n - B a (M>, Cu(U)-Pb cn> 
and H q d D - P b (u> on T i ( iv ) drsenophosphdte columns-
a-. O - O 0 1 M H N 0 3 , b : 0 - 1 M H N O j , C M M H N O 3 
i ' 
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Volume of e f f l uen t cm!) 
Fig.!8 Separation of Z n ( i i ) - P b c n ) , Ni cii)-PbCM),VO<n)-Pbtii) 
and Y' . iu)-Ce(!V> on Ti uv> a r s e n o p h o s p h a t e columns. 
a.o 1MHNO3 , D; IMHNO3, c : o O O ^ M HNO3 , d :o I M H C I O 4 , 
e-. o y M *I$OA. + tw < N H A >2 SO4. 
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Fig. 19 Separa t ion of La c m -Ce <sv) and UO2 cn> - Ce CIVJ or. 
Ti ( iv> a r s e n o p h o s p h a t e co lumns . 
&\ Q t.M H N O 3 , b : O ^ M H 2 S 0 4 + 1^ ' (NH4) 2 S04, , C : 0 • 1M H C ! 0 4 
Station behaviour of these naterta ls for Pb(IT)-Hf(II) 
on a SAP column and for Pb(II) -Ni(II ) on • TAP oolnon at 1©0*C 
vortcinir teoperatoro la obovn in Flfuro 20 . Sinoe theee 
otibotanoes bave • good thernal reslatanee ao Mention** in 
Chaptar I I , thatr olot ion ourres for P»(II) aro ohown in 
F If ore 21 oftor boating then at 600 C for 1 boor. 
1 
I b O O i — -
Pb(ii) 
• eluted at 30*c 
- - - eluted at fOO°c 
c- ™ r „ Volume of effluent cml> 
Fig.70,Effect of temperature on the elution of metal 
ions onZr(iv)and Ti(iv) arsenophosphate columns. 
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9.2! Effect of dry.nq temperature on the elution of 
PbdDon 2r ( iv ;and Ticiv) drsenophosphate columns. 
DISCUSSION 
The Ki value a of 28 natal ion* determined la variooe 
acid* and In DtfW ah©w an interest ing feature for tha Zr(TV) and 
Tl(IV) areenophoapbatee (SAP and TAP) aa ehown In tab l a • 16 a ad 
17* ZAP haa a nigh a f f i n i t y for a l l the natal lena •tadled in 
DWV except for Hg(II ) . Tha a f f i n i t y , ohvlonoly, deoreaeea ta 
general on lnereaain* tbe H ion oonoentratlon with the help of 
HCH). or RKO_. In foralc and a c e t i e aelda aedla the aa material* 
ebow a r e l a t i v e l y higher IBS value for a number of metals 
probably due to a weak protonatlon (The nH of a 0.01M CH-OOGCT 
la 3.7 and that of a 0.01M HCIO^ ia 2) or a eomplexlug nature 
of the ao lde . 
Tetrevolent metals ahow a greater a f f i n i t y for tha 
•a tar ia la probably beoauee they form atable «alt» on adsorption. 
For example the e la t ion of 7b(IV) and Ti(IV) froa a ZAP ooltian 
could not be effected even with a 2M HNO_. However Ti(IV) «** 
recovered aa a peroxy complex, froa tbe column with a Vl H«0ft • 
0«*Jf nUat)^ mixture. A aeparatlon of Tl(IV) froa O0_(II) haa 
been achieved on th la boot a on a ooloaa of ZAP. TAP aa tbe 
other band exhibits a high adeorptlea tendency for Pb(XI) aad 
baa therefore boon o t i l l v o d for tbe aa par at ion of th i e natal 
froa a ia l lar other netala ia aalat loan. 
Tbe n t l l l t y of tbeee aatorlala haa been deamiatretoa' 
by achieving aoae very iarportaat and d l f f i c a l t aeparatioae. 
Tana BAP baa baan o t i l i * a d far tha aaparatloa of vn.F«_Ttf 
«a-Pb-Paf Kn-Fa, Nl-F# t Al-F*f Cu-Fa, H*>rb, Cd~Pb( UO^-Tt and 
Ca-Tt. Tab la 19 abowa tba dotal la of thaaa aaparattona. 
Similarly TAP baa baan aaad for tba aoparation of Hr-B», Mfe-Sr. 
Cu-Pb, flff.pb, 2n»Pb, Ni-Pb, ¥0-Pb t Y - O , Ca~L« and UOg-Ca. 
Bona of thaaa aaparattona ara uaaful for tba analyala of a l iar* 
aueh aa farrooiekel and farrooang anaaa • Tba aaparatloa liattta 
aehiavad alao coincide with Via ranga of natal eonoantratioaa 
ganarally found in tbaaa alloya and tba raaulta ebtalnad ara 
wall within tba axnarinenta1 •rror In a l l eaaaa. Forthar, tba 
aaparatlona ara qui ok and obarp aa lndloatad In Pi*urea 1* to 1«. 
A ooapariaon of our ixohangara with tba aln*le a* Ha Ilka 
tltaniaa) araanata ( l^) and tltanluw phoaphata (1 ) ravea la a 
acre proarlalng nature of thaaa aubatanoea. They mr+ alao nora 
ae leot iva for eartain natal iona euob aa Pb(II ) , Th(IV) and 
Ca(IV). 
Tba high tenoorature atudy indloataa that aa oonparad to 
tba room taavporatnra (90 C) a working tenparature of too C ohova 
a daf ini ta latprowenent In tba a lo t ion ratoa an ZAP. Hovawar tba 
dlfforonoo l a not appraolabla on TAP (Pleura 2 0 ) . In tbla raapeot 
SAP reeeablee wltb tba atrong aat loa axohange raalno (1$). A 
eaiaple of SAP baatad to a rary nigh tearparatare (600 or 800 C) 
ohowa a oharuar e la t ion enrro for Pb(II) (Pifara 8 l ) . Only 
nlreontuai phoaphata ( l ) baa probably boon a tad lad for i t a 
If-
s ta t ion bahaviour aft ar heatIn? i t to such a *1*h tswpsTatars. 
That shows a contraat I . e . tba alutlon baooaws laaa a*»»rpar, 
TAP hovavar rasewblinj? to that of s ireoniu* pbosphata. 
r 
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CHAPTER V 
DISTRIBUTION sTrnir^  or SOME «*FTU IONS 
ON C«(IV) ANT) Sn(IV) PHOSPHOSIIICATES: 
SEPARATION OF MET AI IONS 
1 
DISTRIBUTION STUDIES OF SOMF PTETAI IONS 
OW Ce(lV) AMD Sn(IV) PBOSPnosiIICATISs 
SFPAHATIOW OP M1STAI IOHS 
81 I l e a baeod inorganic M t e r i a l e are g e n e r a l l y known 
t o be s t a b l e both o h e a i e a l l y mid t h e m w l l y , and ehev good 
Ion oxohange proper t l ea as dieouseed l a Chapter I I I . For t M a 
raaaon tbeee m t e r i a l e have fotatd a p p l i o a t i o a s In eo«e 
iarportant chev io t 1 and inrtuatrial analyae* Per evoawle , the 
pboaphoai l ie&tes o f Zr(IV) and Ti(IV) have been t i t t u p e d for 
tbo oeparatton o f r a d i o n u c l i d e s ( 1 , 2 ) , Since Ce(IV) and 
Sn(IV) phoapbos l l i ca tee (CPP and SPS) are the new i n o r t a n l o 
Ion exchanxera prepared in theae a t n d l e e , a eyatewatte study 
o f the d i s t r i b u t i o n c o e f f i c i e n t s o f some wet«l ions i a 
iarportant for exploring t h e i r f o i l u t i l i t y in the s e r r a t i o n 
f i e l d . The fo l lowing pages ausranrixe our suet* a study on 
theae two a n t a r i a l a . 
', 1 
i : 
EIPBBIWFWTAL 
Distribution otadlos 
Stook solutiona of n i l the Metal tons were prepared 
•a described in Chapter IV, Distribution studies vara perforated 
tn DNV and aqueooa 8H0
 v HCK>%, m^O , NaCK>%, HCOOR acid 
CR.OOOH aolatlona ao oar dotal la given In the previous oh opt or, 
•ad the aaaples oelooted were CP8V5 end !PS-* on the baste of 
tbe l r i , e , o . and a t a b i l i t y as doearthed In Chapter I I I , 
Tablea 80 and 21 stmrnarlse the Kd values of eoe» a e t a l lone 
on thoae tvo aaarplee. 
Soparatlona achieved 
Baaed on the dis tr ibut ion studlea the probable 
aeparationa were tr ied by the liquid ooluam ebrowatofrarhy, 
fo l lov ing the procedure adopted in Chapter IV. Tables 22 and 
23 atiov the sa l ient footuroo of the eeporatione aohleved 
while the corresponding e la t ion ourvee ere ehovn in 
r igares 22 to 26. 
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F<9.22 Separa t ion cf N.:<n>-Cu ( i n - f e c u ; and Hg<ii>-Cd<n)-Pb<n) 
on ce o v ; p h o s p h o s i l i c a t e columns. 
a : o 01MHNO3 , b : o I M H N O J , c: I M HCI «• I M KCl f d :o OO^MHNOJ 
e : o I M H N O 3 , f : I M K C I O ^ 
( I l l ) 
Volume of effluent *mi ; 
ng.23 Separation of Hgcn>- C U C D , Zncin-Pb ( i i ) , M n ( ; i ) - f e 
and Coun-Fec i iDon Ceuv> phosphos/l icate columns 
d.O O0 5 M H N O 3 } b : O - 2 M H N O 3 , C : O 1 M HNO3 , d'. 1 M H C l 0 4 , 
e : I M HC! + I M KCI , f ; O -OJM MNO 3 
i : \ 
p ., _. __ 4 4 
60 170 
Volume of e f f luent tm l ) 
Fi9-U Separation of Mg u i ; -Bd( i i ) , H9 (ID -Ag (1)- Pbcii) and 
U02^'!> -?b <-;i; on Cenv) phosphosi l ica te columns. 
d : 0 M M H N O 3 , e : ' . M HC104 , f : o-\». H C I O 4 
U _ k _ 
- * 4-
Hg<l l ) 
P b < l l ) 
-^a_ i_ 
-> *-
K < j ( i i ) 
80 100 0 
L_L*J 
A /v 
Aq ' i j 
«L .-
40 40 80 100 0 
Volume of effluent (ml) 
Fig.2> Separation of Hg ( . . ) from Cu(, . ) ,Zn( . , ) f Cd(..) f P b c > an 
on Sn (iv) phosphosificate columns 
d ; 0 - O O 1 M H N O 3 , b : 0 ) M H N O 3 + l M N H 4 N O 3 l C: O 4 M H N O , 
d : I M H N O 3 , e : O - 2 M H N O 3 
30 !00 
d Ag(l> 
i : 
40 100 
Fi9.26 S 
d 
<3 
80 100 0 dO 60 
V o l u m e of e f f l u e n t (m l ) 
epdrdt ion o f Th<iv>-Ycni), Thc i v ; -uo 2 <n> , Zr<iv;-Y<ni> 
nd Zr<iv)-U02<iO on Sn ( i v ; p h o s p h o s i l i c a t e columns 
:o 0IMHNO3 , b : O J M H N O J + I M N M 4 N O J , c: O $ M H N O 3 
DISCISSION 
These etudtee reveal that the ion exchange nwteriale 
prepared have high a f f i n i t y far alaaet a l l aeta l lone In DNV. 
However the a f f i n i t y f a l l s rapidly with tha increase i» tha 
n ion concentration of tha 00 let Ion. In 0.1M HHO_ and HCIO. 
eolutiona tha W valuea for a l l ajatal lana vara net l t g t b l e an 
CTS--5 except for a fa* ouch aa P b ( I I ) , P a ( I I I ) . B a ( I I ) , Tb(IV) 
and lanthanidee* The e e l e o t l v l t y sequence far a lkal ine eartha 
la aa Ba \ Sr > Ca > Mg# On thta baala Mf ( II ) haa eueeesefnl ly 
bean ecparated frow Ba(II) using CPS eoluaeie and HNO_ and NH^W^ 
aa e luente . In forate and aeet le acid awHia the exehanprer shows 
a higher Id value obviously beeauae of the ir weak proteaatlaa. 
Sn(IV) phosphoslliaate ( srs -* ) also shows the sane behaviour 
for a lkal ine earths . Although th«» tetravalent faetala Hire 
Th(TV) and Zr(IV) are found to be t o t a l l y adsorbed an SPS-4 
according to the d is tr ibut ion s t u d i e s , they are e a s i l y eluted 
oat of the eolosn with a d i lu te HNO_ so lut ion . This experiment 
suggests that probably the Sn(IV) pbosphoailleata i s wore 
at able than the phoephoeilleates which are poesibly far—d 
darlne; the adsorption phenomenon taking place • Moreover, tha 
ooluaaa eperetioa l a a neneewtllbrine) procees and la d i f ferent 
fro* the batch preeeaa uaed for the determination of tt ve lneo. 
This fact has been u t i l i s e d to achieve •aparatlona of Th(XY) 
froB DO f(II) and Y ( I I I ) , and of ** ( ! • ) fro* l » 2 ( I I ) end Y(TTT) 
on ftPS e e l nans. 
] . " ; 
Ce(IV) nboephoailioate eoluena here produced eon* 
ternary and binary separationa t euefc aa Fa-Cu-Ni, Fe~Mn, 
Fa-Co which ere Important in a l loy analysta. Othar analyt i -
c a l l y important aaparatlona achieved en thaaa oolemma ara 
pb-Crt-H*, Pb-Ag.Hg, Cn-fig, Pb-J!n and Ba-Wg. S»(1V) phoepbe-
s i l t c o t a co loans hare alao baen need for eeoe 1 apart ant end 
d i f f i c u l t aaparatlona Ilka Tb-OO^, fli-Yf Zr-0©8, Zr-Y, n«>C«, 
Hg-JCnt Rg-Cd, n*>PH and Hg-Ae, Tha aaparatlona ara aharp 
and quick aa ta evident from Tablaa 22 and 25 and tha e l title* 
curvea (Figurea 22 to 2 6 ) . Tha aaparatlona were carried ©»t 
eeveral t iaee to otiaolt the reproducibi l i ty and the r e e o l t e 
obtained ware well within the range of experimental error 
•a ahown in tab l o o . 
1. D. Wmmsnii, K»m«B«riUv £ f 173 0 9 6 3 ) . CA, 62. 3%*3f. 
2 . 8.J. Naqrl, D. nBy« and L.H. BMta]«, J.Inorx .Na« 1. <»»•«., 
32, %317 (1971). 
3- E - B - S c m H e U , " C o l o v C m e t r . c D e l e r ravupAlim o-f " T r a c e s 
<S n & t o , L s ' p - S T l , lTv.tGYScie-n.ee? Pvc^Xvl SVLCVS.. tat, 
N e w V o r K C n S S V 
CI1ATTEU TI 
fnc nmrrics or Ag(i)v Codi), wfr(n)# c«(ii), 8r(n). B«(II) 
ANH r ( H I ) BXCHANGF IN fln(IT) AR8KKO PHOSPHATE 
IRE KINETICS OF A f ( I ) , Co(II ) , Mft(II), Ca(II ) , Sr ( I I ) , Ba(II) 
AND T(III) EXCHANGE IN Sb(IV) AftSWiOFfiOSrHATE 
Tha ktnatlo atndlaa of aynthatle lnorgante Ion exobaatare 
bare aos t ly been done en eryota l l tne and enorpbeoa s lreenla* 
phoepbate ( l - 5 ) » alroonlnn oxIda ( 6 ) , tantalum araaaaia ( 7 ) , 
earie phosphate (8) and farrto antleonate ( o ) . A vary H i t la 
work baa baan reported (10,11) on snob a study of dodble aaIta . 
Aaorpbous Sn(IV) araanopboapbate baa shewn proa*sin? loo eKohanfe 
proparttaa and a blgb ebearfeal and thensal s t a b i l i t y ( 1 2 ) . I t* 
a f f i n i t y for natal l ea s la alao blgb (13)» It v « t , therefore, 
decided to oondeot a Irlnatle atudy of tbla Ion exchanger in 
ordar to andoratand tba ewehantasi of Ion exohanfe In daubla 
s a l t s . Tbla obaptar easanrlsee anoh a study. 
i ' 
gXrgB IfflBf TA L 
WoOfanta P O P d 
Stannic chlorIda pantahydrota (U.S.s .R.Product) , 
dl«aodluo araanata haptahydrata (Roldal Garvany) and t r t -
aodlao orthonhoophota (BCR) woro nead In thaoa atndlaa. 
Othar raaganta and ehonrioala vara althar BDR AnalaR or 
E.Korok prodneta, 
Apporotna a sad 
An o loo tr l e taoparatura controllad SICO (India) 
ohakar van aaad for tha oxparlaantal atodtaa. 
ftynthaala c f 3n(IV) oraanophoaphata 
It vat aynthaalaad hy arising 0.1M aoluttona of 
atannio oh lorIda, sodto* araanata and tr i -aodt»* orthopnea* 
phata In tha volnoa rat io I t i i l . Tha pH of tha rasultant gal 
vaa ftxad at ^ 1 by adding n i t r i c aeld with oonatant a t l r r l n g . 
Aft or kooping i t for 8% hours at room toorparatoro, tha gal 
voo f l l torod through a vhatnan Wo.3 f l l t o r papar, waahad with 
• 
DMV and than drlad in an a i r ©wan ot %0 C. Aftar aeaplata 
drying tha prodoot vaa laawraod in WW, to form aawll gram l o o . 
Tha part to la a vara oonwnrtod in to tha • * form hy treat ing than) 
with 8M m o . for 2k boora t with oooaalonal afiaklog, l n t a r v l t t -
wtly raplaelng tha acid, Tha oxeaaa aeld vaa waahad oat and 
I , • 
tha product waa f ina l ly dried at the temperature motioned 
abova. The Na- l . a . e . of tha driad Material wit t .75 a » n . / * . 
Kinetic aicaeureiaente 
Tha rataa of exchange of Metal ions were determined 
by tba Ha l t ed oath technique ( 7 ) . Tha Ion exchanger waa 
ground and waa eleved into tha different awah e i ' e e (60-100. 
100-1*50, 190-200 and 200-250) by ualng tba U.S. atandard 
alevea. Partiolea of aw an radi i r^ 99.7 fi»». (6o-1or weeh *i-»e) 
were general ly need for thaaa etudlee, nnleaa atatad ether*1ee. 
20 ail. fract ions of tha «eta l ion aolutiona (O.iN) of constant 
ionio atrangth vera ahaken with tha exchanger (0 .2 craw) in 
a temperature control lad ehaker (0.5 C aoeurney) at •<rir>«ia 
• • • • 
temperatures (25 • 50 , %0 and 60 C) in plana at ordered 
oonieai flaaka for different time in terva l e . Th#» supernatant 
liquid waa removed immediately hy f i l t r a t i o n through a Whntawn 
No.* f i l t a r papar and tha volume waa made 50 ml. with WV, All 
tha awtal iona except Ag:(I) wara determined in tha eolat ion 
with FDTA ( 1 4 ) . Ag(t) waa determined by t i t r a t i n g i t again at 
a atandard aolution of WH s^ew oaing farrio ammoolam eulphate 
ae lndloator (15 ) . 
i: 
KMPLTS 
The fract ional exchange value* 
( 
Aa»ont of exchange at t ine *t* 
Aaount of exchange at In f in i t e tit 
aa a funetloo of tiwe are calculated and the eorreanondtng 
Bt value* are £iven a* hy Relehenherg (16) • Tbeee value* 
for Ag(I ) t Cu(lT), Mg(II) f Ce(II ) , S r ( I I ) f Ba(II) and Y(TII) 
at varioua temperaturea are given in table* 2%-27. 
TABU 2k 
VARIATION OP F A»f> Bt VAUJFS VlTff TIMF FOR 
I 
t , w i n . 
0*5 
1.0 
1 .5 
0 . 5 
1 .0 
1 .5 
P 
0 . 5 9 
0 . 7 * 
0.8% 
0 . 4 6 
0 . 6 1 
0 . 6 9 
SOME CATIOMS AT 25 •, 0 .« 
1
 '1 ' f f 
Bt t , a l n . 
A i ( I ) - H* Bxonaag.e 
0.%5 1 .0 
0 . 8 5 2 . 5 
1 .55 5 . 0 
Hi(XX) . H* E n b m t 
0 . 8 5 2 . 0 
0 . 5 0 5 . 0 
0 . 7 0 4 . 0 
• ( C 
F 
0 . S 9 
0.9% 
0 . 9 5 
0 . 7 5 
0 . 8 5 
0 . 9 0 
* • • • — • 
Bt 
1.71 
2 . 5 0 
8 . 5 5 
0 . 9 0 
1 .40 
1 .80 
TABUS 2% (Contd.) 
'"' ' —i — l 
t , a t n . F Bt 
0 . 9 0.46 0,25 
1.0 0.61 0.90 
1.3 0.72 0.60 
2.0 0.78 1.05 
0 . 5 0.50 0 .30 
1.0 0.65 0 .60 
1.5 0.75 0.90 
2.0 0 .83 1.28 
0 .5 0.50 0.50 
1.0 0.67 0 .65 
1.5 0.75 0 .95 
2.0 0 .85 1.30 
T - r ~r 
t , « i n . F Bt 
B Bbrohanga 
2 .5 0.8% 1.30 
3 . 0 0 . 9 0 1 .50 
5 . 3 0 . 9 0 1.75 
%.0 0 . 9 3 2 .10 
I* Batch anfe 
2 . 3 0 . 8 7 1.50 
3 . 0 0 . 8 9 1.71 
5 .5 0 . 9 3 2 . 1 5 
%.0 0 . 9 5 2 . 5 0 
2 . 5 0 . 8 8 1 .60 
3 . 0 0 . 9 0 1 .80 
3 . 5 0.9% 2 . 3 8 
TABLE 2* (Contd . ) 
t , w i n . P 
0*5 0 .*6 
1.0 0 . 5 6 
1.5 0 . 6 7 
2 . 0 0 . 7 5 
0 . 5 0 . 5 7 
1 .0 0 . 5 3 
1 .5 0 .61 
2 . 0 0 . 6 7 
Bt t , win . 
C«(TI) - H* ffKOhanf 
0 . 2 5 2 . 5 
o.%o 3 . 0 
0 . 6 5 3 . 5 
0 .90 * .0 
T ( m ) - H* B»ohang» 
0 . 1 5 2 . 5 
0 .35 5 .0 
0 . 5 0 3 . 5 
0 . 6 5 %.0 
P Bt 
0 .80 1.15 
0.8% 1.33 
0 .88 1.63 
0.«H> 1.75 
0 . 7 * 0 .«3 
O .78 1 .00 
0 .82 1.20 
0.8% 1.35 
K; . 
TABLF 25 
VARIATION OF P AND Bt fAUTBS fc'ITH TIMJ POH 
SOME CATIONS AT 30 • O . j ' c 
— •'" - - 1 
t , ain. 
0 . 3 
1.0 
1 .3 
0 . 5 
1*0 
1.3 
2 . 0 
0 . 5 
1 .0 
1 .5 
2 . 0 
r— — — 
r 
0 .61 
0 . 7 9 
0 . 8 7 
0.%6 
0 . 6 3 
0 . 7 2 
0 . 7 8 
0 . 9 0 
0 . 6 9 
0 . 7 9 
0 .91 
—i 
Bt 
*f U) -
0 . 5 0 
1 .00 
1 .90 
0 . 2 9 
0 . 9 3 
0 . 8 0 
1 .00 
0 . 9 0 
0 . 6 0 
0 . 9 0 
1.15 
" I — • - * -
t , win. 
n* Kx«h«oe« 
2 .0 
2 .3 
• 11* Kxehan** 
2 . 9 
3 . 0 
4 . 0 
. H* Kxehamt* 
8 . 3 
3 . 0 
3 . 9 
*.o 
r 
0 . 9 2 
0 . 9 3 
0 . 8 3 
0 .87 
0 . 9 2 
*• 
0 . 8 9 
0 . 9 0 
0 . 9 8 
0.9% 
i 
Bt 
2 . 0 
2 . 3 
1.25 
1.50 
2 .05 
t.kO 
1*85 
8 . 0 0 
2 .30 
] ; ; . . 
TABU? 23 (Contd.) 
1 l 
t , w in . F Bt 
0 . 5 0 . 5 3 0 . 3 5 
1.0 0 . 6 9 0 . 7 0 
1.5 0 . 7 8 1 .00 
2 .0 0 . 8 * 1.35 
0 . 5 0 . 5 3 0 . 3 5 
1 .0 0 .71 0 . 7 6 
1 .5 0 .81 1.17 
Cw(l l ) . 
0 . 5 0 . * 6 0 . 8 5 
1.0 0 . $ 1 0 . 5 0 
1 .3 0 . 7 1 0 . 7 5 
8 . 0 0 . 7 9 1.00 
., j . , ^ , 
t , » l n . F Hi 
2 .5 0 . 8 9 1 .70 
3 . 0 0 . 9 1 2 .00 
3 . 5 0 . 9 * 2.TO 
2 .0 0 . 8 * 1.3* 
2 .5 O.90 1.»0 
1J0 0 . 9 3 2 .16 
2 . 5 0 . 9 0 1 .21 
3 .0 0 . 8 7 1.55 
* . 0 0 . 9 8 2 .00 
TAB!* 25 (Contd.) 
~ 1 -
t f • i n . 
0 . 5 
1.0 
1 .5 
2*0 
8 . 5 
r 
0.%* 
0.56 
0.65 
0.7* 
0.79 
""-T"-— 
Bt 
T ( I I I ) 
0 . 2 0 
0 . 4 0 
0 . 6 0 
0.75 
1.00 
t 
t 
~ H * 
-•"'• r -
, » i n . 
8vebaac« 
5 .0 
3.5 
%.o 
5 .0 
• 
" "i 
r 
0 . 9 8 
0.0% 
0 . 8 8 
0 .91 
• 
r*- -— 
Bt 
1.20 
1.55 
1 .65 
1.95 
-
TAB LF 26 
VARIATION OP P AND Bt VALUES HTB IINE FOR 
flONl CATIONS AT %0 • 0.5*C 
1 
t f aAn. 
0.9 
1.0 
r 
0.65 
0.88 
l i t 
Bt t , • ! • • 
A*( I ) - •+ B X C B M M 
0.60 1.5 
1.85 8.0 
P 
0.90 
0.95 
Bt 
1.80 
2.50 
TABIE 26 (Oentd.) 
t , mln. F 
0 . 3 0 . 5 0 
1.0 0 . 6 5 
1 .5 0 . 7 * 
2 . 0 0 . 8 1 
0 . 5 0 . 5 0 
1 .0 0 . 6 7 
1 .5 0 . 7 8 
2 .0 0 . 8 3 
0 . 5 0 . 5 6 
1 .0 0 .71 
1 .5 0 . 8 1 
2 . 0 0 .87 
i 1 '" " r 
Bt t , mitt. 
0 . 5 0 8 . 5 
0 . 6 0 5 . 0 
0 . 8 5 %.0 
1.15 
€ • ( 1 1 ) - B* BKQhang» 
0 . 5 0 2 . 5 
0 . 6 5 3 . 0 
1.00 3 . 5 
1 .30 %.0 
S r ( I I ) - H* teohw 
0 . 4 0 2 . 3 
0 . 7 5 3 . 0 
1 .15 3 . 5 
1.50 
y—-
r Bt 
0 . 8 5 l . * 0 
0.85* 1.70 
0 . 9 * 2 .30 
0 . 8 8 1.60 
0 . 9 0 1.80 
0 . 9 * 9 .32 
0 . 9 6 ?.72 
0 . 9 0 1.80 
0 . 9 * 2 .^3 
0 . 9 6 2 . 7 0 
TABLE 26 (Contd.) 
t , win. F 
0.5 0.59 
1.0 0.7* 
1.5 0.85 
0.5 0.50 
1.0 0.65 
1.5 0.72 
2.0 0.80 
0.5 0.46 
1.0 0.59 
1.5 0.69 
1.0 0.75 
2.5 0.81 
i 1 r 
Bt t , w i n . 
B « ( I I ) - B+ Exohango 
0.%5 3 . 0 
O.S5 2 . 5 
1 .25 5 .0 
Cm(lT) - B+ F»ob»ng» 
0 .50 2 .5 
0 . 5 5 5 . 0 
0 .80 5 .5 
1.15 %.0 
0 . 8 5 5 . 0 
0 .*5 3 . 5 
0 . 7 0 4 . 0 
0 . 9 0 * . 5 
1.15 
F Bt 
0 . 8 9 1.71 
0 . 9 3 2 .10 
0 . 9 6 2 .72 
0 . 8 6 l.%5 
0 . 8 9 1.70 
0 . 9 2 2 .00 
0.9% 2 .53 
0.8% 1.55 
0 . 8 8 1.65 
0 . 8 9 1.75 
0 . 9 8 2 .00 
i;;: 
TABU 27 
VARIATION OF t AND Bt VALUES WITH TIMB FOR 
SOME CATIOIIS AT 60 £ 0.5*C 
I I ' " ' I 1 1 
t , v i a . P Bt t , a l n . F Bt 
0.5 0.7% 0.85 1.5 0.9% 2.50 
1.0 0.87 1.50 9.0 0.97 5.00 
0 . 5 0 . 5 3 0 . 5 5 2 .5 0 . 8 8 1.65 
1.0 0 . 6 9 0 . 7 0 3 . 0 0 .92 2 . 0 0 
1 .3 0 . 7 8 1 .00 %.0 0 . 9 6 2 .72 
2 . 0 0.2% 1.35 
0 » ( I I ) - H+ faohaw 
0*5 0 . 5 6 0.%0 2 . 5 0 . 9 2 2 . 0 0 
1 .0 0 . 6 9 0 . 7 0 3 . 0 0.9% 2 .3» 
1 .5 0 . 8 8 1 .20 3*5 0 . 9 6 2 . 7 2 
2 . 0 0 . 8 8 1.65 
TABLE 27 (Cent*, ) 
t1 Mill* 
0.5 
1 .0 
1 .3 
0.5 
1 .0 
1 .5 
0.5 
1 .0 
1.3 
t.o 
- i — 
F 
0.61 
0.76 
0.83 
0.65 
0.80 
0.87 
0.53 
0.69 
0.78 
0.85 
- ~ ¥ " 
Bt 
srW 
0.50 
0.95 
1.46 
0.60 
1.10 
1.50 
0.35 
0.70 
1.00 
1.40 
— i — -
t 
. H * 
. H * 
. H* 
••' - ' • — r - " 
, M I B . 
**«*»«»If 
2 . 0 
2 .5 
3.0 
tX«h<MME« 
2 . 0 
2 . 5 
Kxebanff* 
2 . 5 
3.0 
4.0 
• 
r 
0 . 9 0 
0.9% 
0 .96 
0 . 9 2 
0 . 9 6 
«* 
0 . 9 0 
0 . 9 3 
0 . 9 6 
• 
t — 
Bt 
1.83 
2.30 
2.73 
2.05 
2.72 
1.73 
2.13 
2.73 
«» 
TABLE 2 7 (Contd.) 
T r 
t # w i n . F B t t , • t o . P fit 
Y ( I I I ) - fi+ Kyotiangp 
0.3 
1.0 
1.3 
2.0 
2.5 
0.50 
0.63 
0.72 
0.82 
o.§* 
0.50 
0.55 
0.80 
1.20 
1.55 
3 , 0 0 . 8 8 1 .65 
3 . 5 0 .91 1 .90 
%.0 0.9% 2 . 3 2 
* . 5 0 . 9 5 2 .56 
Figure* 27 to 30 ahow tb« v a r i a t i o n o f F valnoa 
with t i » e . A v a r i a t i o n o f Bt va lu ta v l t h t i a » i s th«vn in 
Ftfturos 31 t o 3 6 . Tabla 28 atinwarisea the B valuaa ontainoo1 
from thaaa p l o t s . 
Time ( «i!n) 
Fig.27 Rate of evchanqe of d i f fe ren t ca t ions at 22°c 
on S r u v ) d rsenophosphd fe . 
! • ' 
Cfl O U 
S r ( I D 
Bo (<! ) 
Ao C D , 
> ^ < i l l ) 
Fig.28 Rate of exchange of d i f ferent cations «st 
30°c on Sn(Jv) a rsenophospha te . 
1 * 
~ O-lh'iff 
III 
0-2 -7 
L 
o 
o 
X 
M o ( I I ) 
Cc <M> 
S r i ii> 
5<3 " •' > 
Ag < 0 
Y y (Mi> 
2 3 
Time < min; 
A 
Fig.23 Rate of exchange of di f ferent cations at 
40 °c on Snciv; d r s e n c p h o s p h a f e . 
c 
JZ 
u 
X 
•a 
u 
Time cmin> 
Fi9.SC Rate of exchange of different cations 
at 60°c on Snciv> arsenophosphate. 
1 
ec 
0 
Time i mi'n) 
40 °C 
L Ag (I) 
OA YCIII) 
4 
Fig.3t A plot of Bt against time for AgC!) and You) at 
different temperatures on Sn (sv> arscnophosphate. 
1 " 
0 1 2 3 4 
Time cmin) 
fiq.ll A plot of Bt against t ime fo r Mgoo dt d i f ferent 
temperatures on S m i v ; arsenophosphate . 
i: 
FSg.33 A plot of Bt against t ime for Caen) at d i f fe ren t 
tempera tures on Snov ; arsenophosphcte, 
1 .* 
Time (min; 
Fi«.J4 A plot of Bt against time for Sruo
 dt different 
temperatures on Snciv) arsenophosphafe. 
o 2'i°C 
- , I . - J . —- L_ ! . 
0 1 2 3 4. 
Time < min) 
Fig.35 A plot of Bt against t ime for Ba( i i )df different 
temperatures on Snuv> arsenophosphdte 
\ r 
I t , , 
0 1 2 3 4. 
Time ( min) 
Fig.36 A plot of Bt against time for C u n o a t di f ferent 
temperatures on Snov) arsenophosphate 
in. 
TABUS 8S 
VARIATION OF B VALUES J«TW TnwVtlATXHE ANP PARTICLE SIZE 
Katal 
ion 
Ag(X) 
«t<n) 
C « ( I I ) 
s r ( n ) 
B a ( I l ) 
Cv(II ) 
C n ( I l ) 
Ca( I I ) 
Co(II ) 
T ( I I I ) 
99 .7 
6 1 . 0 
%4.7 
J 4 . 0 
9 9 . 7 
T 
23 *C 
1.51 x 
a.50 x 
«.*o x 
9.B0 * 
1.09 x 
7.41 x 
-
-
a» 
( . 0 2 X 
io-» 
i o - ' 
i o - ' 
i o - ' 
i o - 2 
i o - ' 
i o - ' 
1 — — 
B t • # • " 
50*C 
1.62 
B.70 
9 .00 
1.12 
1 .25 
• •48 
9 . 0 0 
1.00 
1 .12 
6.5% 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
i o - 2 
i o - ' 
1 0 * ' 
10 " 
io- 8 
IO"' 
IO"' 
io-* 
io - 8 
i o - ' 
f—"^  - — -
B, «#«~ i 
%o*c 
1.97 
9 .00 
9 .60 
1.25 
l . * 3 
9 .57 
7 .21 
X 
X 
X 
X 
X 
X 
-
-
-
X 
IO"8 
to"' 
IO"' 
i o - 2 
io - 8 
i o - ' 
i o - ' 
»'— - • • • 
B , • • • 
60 *C 
f ,45 x 10~ f 
1.10 x tO"* 
1.25 x 10** 
1.5** x 10"* 
1.*0 x 1 0 " f 
1 .22 x ! 0 * f 
-
-
•» 
S.55 x 1 0 " ' 
r m atan radius of tha p a r t l e l a . 
tfte af faot « f p a r t i a l * alxa aa tha klaat loa a f 
toft aaaaaaga for C«(XI) laa vaa alaa parforaatf tba rase H a 
aa la j glvas l a tafcla 29. 
TABLE 89 
F AND Bt VALUES AS A FUNCTION OF PARTICIF SIZB 
FOB C«(II ) • H* EXCHANGE At 30 • 0 . 5 * C 
t , w i n . 
0 . 9 
1*0 
t . 5 
2 . 0 
0 . 5 
1 .0 
1 .5 
2 . 0 
0 . 5 
1 .0 
1 .5 
2 . 0 
0 . 5 
1 .0 
1 .5 
2 . 0 
'• - '•• 
F 
0 . 4 6 
0 . 6 1 
0 . 7 1 
0 . 7 8 
0 .46 
0 . 6 3 
0 . 7 3 
0 .01 
0 . 5 0 
0 . 6 5 
0 . 7 6 
0 . 3 2 
0 . 5 0 
0 . 6 9 
0 . 7 8 
0 . 8 5 
•*-—r Bt t , • ! » !— 
F#r • • r t l e H • § * • 9 9 . 7 • 
* • , * 
0 . 2 5 
0 . 5 0 
0 . 7 5 
1 .00 
p a r t i e l e 
0 . 2 5 
0 . 5 5 
0.8% 
1.17 
F t r p a r t t o l « 
0 . 3 0 
0 . 6 0 
0 . 9 5 
1 .25 
F05 f a r t l e U 
0 . 3 0 
0 . 7 0 
1 .00 
l.%0 
2 . 5 
3 . 0 
%.o 
-
• I K * 61 
2 . 5 
3 . 0 
3 . 5 
%.o 
• 1 M %% 
2 . 5 
3 . 0 
%5 
%*o 
f i « t 3% 
2 . 5 
3 . 0 
3 . 3 
%.o 
• * » • 
in 
j * 
F 
a . 
0 . 8 2 
0 .87 
0 .98 
-
0 .S3 
0 .90 
0 . 9 2 
0.9% 
• . 
0 . 8 8 
0 .91 
0.9% 
0 . 9 5 
0 . 9 0 
0 . 9 3 
0 . 9 5 
0 .96 
1 * — — — — . 
Bt 
1 .83 
1 .55 
9 . 0 0 
a* 
1 # % © 
1 .80 
2 . 0 0 
S .30 
1 .60 
t . 9 0 
2 . 5 0 
2 . 5 0 
1 .79 
2 . 1 0 
2 . 9 0 
2 . 7 0 
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DISCUSSIOW 
A study o f the concentra t ion e f f e c t on the Ca(II)-H 
•xohange at TO C show* that the I n i t i a l r a t e o f • sonant* i s 
proport ions 1 t o the metal Ion oonoentrat lon in the range tcss tWxn 
"5 x 10"'N w h i l e I t i s independent ahove th ta c o n c e n t r a t i o n . 
Far ther , the Bt ver sus t i n e p l o t s for the c o n c e n t r a t i o n s 
ranging from *5 x 10* T* to 5 * i«""Tt are not goo*! s t r s i e h t H a a s 
upto a maximum exchange* I t may he due t o hoth the part to l e 
and f t In d i f f u s i o n phenomena tax lnr p lace in t h i s r -nge o f 
c o n c e n t r a t i o n . However s t a coneeatra t ton > 5 x 10*"^J the 
Bt v a r i e s l i n e a r l y with t i n e mnfi the s t ra ight l i n e s thus 
obta ined pass through the o r i g i n suggest ing a t r u e p a r t i o I s 
d i f f u s i o n phenomenon, Henee, for a high c o n c e n t r a t i o n of 
metal ion ( O . i N ) , for a r e l a t i v e l y large p a r t i c l e s i r e of 
th<* exchanger, and under v igorous shaking, the ingoing ions 
•ay d l a p l a c e almost e n t i r e l y the o ther ions in the exchanger 
at e q u i l i b r i u m . In t h e s e s t u d i e s CV )>)> CV where C I s the 
oonoentrat lon o f metal ion i n the s o l u t i o n phaee, V i e the 
volume o f the s o l u t i o n , C i s the concentra t ion o f the metal 
t o o l a the even anger phase , and • i s the volume o f the 
exohaager . Thus, although the system i s , in p r i n c i p l e , a 
l i m i t e d h a t h , the •ovat ion a p p l i c a b l e t o the i n f i n i t e heth 
ean he ueed her* a l e o a* v e r i f i e d hy ftaleheaberg ( 1 6 ) , 
H e l f f e r t e h (17 ) and B l l e v e a a t e f f ( 18 ,19 ) i n t h e i r s t u d i e s . 
1 ,r_ 
H e n c e * 
F . t . -§- \ ! _ n p (_n* Rt) (1) 
7^Z ^ 1 . n 8 
n«l 
2 
where • - ~ 01 (2) 
r8 
r • radios of the particle and Dl • tha effective diffusion 
coefficient of the two iona undergoin* exchange within tha 
exchanger. Values of Bt «« a function of F »ay b« calculated 
ae given in tha Reiobenberg tabla (16). The Bt versus t riots 
at four aalaotad temperatures arc Riven in Flrures ""« to f6 
for Ag(I), Cu(II), Hf(II)# Ca(II)f Sr(II), Be(IJ) «nd Y(TIT). 
Theae ara otraltht linos passing through th* orirln indioattnr 
that tha proceaa involved ia a particle diffusion. At btjrber 
temperatures the rate of exchange i» faster and attain* the 
equilibrium acre quickly. 
Figure T7 ehowe that the exchange rata increases with 
tha decrease in the partiole elxe whiob Is in agreement with 
the fund anient a I oondition of the particle diffusion. 
Equation 2 ia applied for the calculation of diffusion 
coefficient (Dl). A plot of lot Dl versus ; i i « atralgnt 
line for al l the aetal iona atudied aa ehown in Figure ^i . 
The values of la (energy of activation) wore obtained by 
applying the Arrhealue equation Di • Do exp (-Ka/RT). As 
V"> 
i-*» 
X 
tCH 
9 1-
8r 
V 
y 
7L 
20 (-:. 
~r x 10 
Fig.37 A plot of B against 72 *or C u d D a t 3Ccc 
on Sndv) arsenophospnare 
} r , 
1 < i I 
• Ag(|) 
* C lKn) 
& Mg( / i ; 
A Ca(ti) 
D Srui) 
A YOi;) 
103xi°v 
Fig.38 A plot of log Di against 10*" ^ " , , , ; " - y-o K f o r different 
metal ions on Snciv; arsenophosphatc. 
K;.. 
Table 50 ahova Fa inereaeee with a deoreaee In the hydrated 
radi i for alkaline earths , a behaviour startler to that of 
the monovalent oatione vibrating through analotte ( 2 0 ) . We 
•ay eonolnda therefore that the hydrated lonle radi i contribute 
to the weehantsa of exchange reaction in two ways: (a) i t 
a f feeta the posit ion of equilibria*), and (a) i t affect a the 
rate of attainment of equilibrium. It Indicate* the f e a a l M l i t y 
of separating iona by exploit ing difference In the i r rate of 
exchange on 9n(TV) areenophoephate. 
Do la related with the entropy of activation A S 
as follower 
Po - 2.72 d2 kT/h exp (AS*/n) (3) 
where *d* la the innic Jimp dlstanoe (21) taken aa % A. **• la 
the Beltswann eonatant and *h * i s the Planeke constant, T la 
taken as 303 K, Table 50 eusnusrlres the ealoolated valuea of 
e A • which are negative aa alao observed in t i n t a low 
arsenate (7) end ferric antlsonate ( 9 ) . A S tnereaeee with an 
lnersaaing ionic radii for a Iks l ineeartha, a conclusion which 
also was drawn by Preewan and Stalswre (22) in Y - r e o l i t e . 
J r 
TABLE 90 
BELF DIFFUSION COEFFICIENT, KNfcRGY OF ACTIVATION 
ANO INTnOPT OF ACTIVATION OF CERTAIN MfTAL ION8 
ON Ba(IV) ANSKNOFWOSPnATE ( r • 9 9 . 7 j p . ) . 
1 
Migrating Ionlo • 
Ion r a d i i A 
<o#) 
AC(I) 
nidi] 
Ca(II) 
» r ( l l ) 
Ba<II) 
Cn(II) 
T ( I I I ) 
1 .15 
\ 0.7B 
1.06 
1 .27 
1.43 
0 . 9 5 
0 . 9 0 
i 
Hyftratad 
l o a l o • 
ra<lii A 
„ 
3 .10 
2 .00 
1.80 
1.50 
-
-
Do, m2 
1.11 x 
l . * 9 * 
2 . 0 2 * 
4.56 x 
i.%0 x 
5.11 x 
1 .25 * 
• ""•"•—n 
•a***1 
i o - 9 
io- '° 
io-*° 
io-*° 
io-» 
I O " ' 0 
to - 1 0 
r — • " " • " 
E« 
KJ ao l" 1 
1 0 . 6 3 
7.1% 
7 . 8 2 
9 . 3 2 
11 .88 
10 .50 
•y-49 
" i 
As' 
J I T 1 • j » r l 
- 6 8 . 6 8 
- « 5 . 3 « 
- 8 2 . 8 * 
- 7 6 . 0 8 
- 6 6 . 7 5 
- 7 3 . 1 3 
- 8 6 . 8 5 
G* • 0« l4MhBldt u l w . 
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